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Chapter 1 
Introduction: 
assimilation of voice and the perception 
of voicing in Dutch two-obstruent sequences 

1.0 Introduction 
The principal aim of the research reported in this dissertation was to assess the cue 
value of a number of acoustic features to the perception of voicing in sequences con­
sisting of two obstruents in Dutch. Voicing in two-obstruent sequences of which the 
first consonant is syllable-final and the second consonant is syllable-initial, has been 
the subject of much research. \ oicmg in such sequences is described by three rules 
that have a phonological status (see, for a formal formulation. Trommelen & Zonn­
eveld, 1979, or Booij, 1981). 
A) All final voiced obstruents become voiceless (the final devoicing rule). For exam­
ple, lied (song): / l id/ -> / l i t / . 
This final devoicing rule is applied before the following two assimilation rules, which 
apply both across word boundaries and within words. For assimilation to occur the 
two obstruents obviously have to differ in voicing status, so, as a result of final 
devoicing, assimilation of voice only occurs in sequences of which the first consonant 
is voiceless and the second consonant is voiced. 
B) If the second consonant in the sequence is a voiced fricative, this second consonant 
becomes voiceless (progressive assimilation). For example, wit zand (white sand): 
/wit zant/ -> /wit sant/ . 
C) If the second consonant in the sequence is a voiced plosive, the first consonant 
becomes voiced (regressive assimilation). For example, rood boek (red book): 
/rot buk/ -> /rod buk/. The voiced /d/ in /rod/ first becomes voiceless through 
final devoicing, and then voiced through assimilation. 
Although the subject of voicing in two-obstruent sequences appears to be described 
clearly by these rules, the present study nevertheless addresses the question of percep­
tion of voicing in such sequences. The reasons for this are outlined in this chapter. 
First, 1 will discuss the older literature on assimilation of voice, with special empha­
sis on how the data were obtained. Next, the question as to the nature of assimilation 
of voice will be addressed, and some more recent data will be presented. In the 
third section of this chapter, the traditional approach and the more recent approach 
will be compared and some general theoretical problems will be discussed. The next 
two sections address issues of methodology and terminology. And finally, the present 
research, as reported in the following chapters, will be outlined. 
1.1 Traditional description of assimilation 
Over the years, assimilation of voice in Dutch has attracted much attention. From the 
literature (for an overview, see Slis, 1985) it appears that most researchers do concur 
on the general pattern of assimilation as described in the rules given above. Observa­
tions that differ from this pattern are generally described in terms of deviations. 
The deviating observations are ascribed to a number of different causes, linguistic, par-
alinguistic, and extralinguistic: spelling (Eijkman, 1933; Kloeke, 1956; В. van den Berg, 
1958), depth of linguistic boundary between the two consonants in the sequence 
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(Blanquaert, 1938; van Rijnbach & Kramer, 1939), stress (Eijkman, 1933; van Rijnbach 
& Kramer, 1939; Kloeke, 1956), dialectal differences (ten Berghe, 1933; Eijkman, 1933; 
van Ginneken, 1935; Leenen, 1954; Kloeke, 1956; Demeulemeester, 1962), formality of 
the text read (Leenen, 1954), the speaker's sex (Kaiser, 1958; Demeulemeester, 1962), 
the speaker's emotional state (Meinsma, 1958; Demeulemeester, 1962), and careful pro-
nunciation due to the experimental situation (Zwaardemaker & Eijkman, 1928; Pée, 
1948; Meinsma. 1958). 
Common to most of these earlier studies is that the generalizations given are based on 
impressionistic data. While listening to utterances the investigators noted down cases 
of assimilation, and the assignment of the consonants to either the voiced or the 
voiceless category was done on the basis of what one heard. Most of the earlier 
reports contain no clear indications of how exactly the researchers established whether 
a consonant belonged to the voiced or the voiceless category. From the terminology 
used (e.g. Vt/ becomes /d/") one could be tempted to conclude that the earlier 
researchers were simply making phonological voiced/voiceless judgements (expressed in 
terms of / t / versus /d/), as the naive listener would do. However, this cannot be 
taken for granted: in their listening they may have been paying attention to acoustic 
cues, and, in the case of assimilation of voice, to the cue of absence/presence of phys-
iological voice in particular. This latter type of listening I will refer to as phonetic 
listening, a type of listening trained phoneticians and subjects in a psychoacoustic 
experiment do. It contrasts with what I will call the phonological listening of naive 
listeners. These listeners, although not trained to listen for phonetic differences, are 
still able to decide whether a consonant was a /d/ or a /t / , that is whether it was 
phonologically voiced or voiceless, probably on the basis of a percept that is arrived 
at by a perceptual-cognitive process of integrating acoustic cues (Repp, 1981). The dis-
tinction between phonetic listening and phonological listening may perhaps be equated 
to the distinction between analytic and semantic listening (Vieregge, 1985). From the 
descriptions of assimilation of voice in the earlier studies it is not clear whether the 
observations reported are based on phonetic listening (that is, in this case, listening for 
the presence/absence of physiological voice) or on phonological listening (that is classi-
fying the consonants as phonologically voiced or voiceless on the basis of what may 
be loosely called an overall impression). However, the observations were often obtained 
from utterances that could only be listened to once, and this fact suggests that the 
classifications were phonological rather than phonetic in nature, because in such a set-
ting careful and repeated listening seems to be hardly possible. And even if the classi-
fications of the earlier researchers were based on phonetic listening, this is reflected 
nnowhere in their reports, which all describe the perceptions/observations in phonologi-
cal terms, viz. voiced versus voiceless, or, in terms of the actual descriptions, /d/ ver-
sus /t/ . 
Another factor to be reckoned with in the earlier studies of assimilation is a percep-
tual bias on the part of the researcher that may possibly be due to his own dialectal 
background (Meinsma, 1958). This factor may explain some of the disagreements 
between authors. An example of this is the observation of two voiceless consonants in 
sequences of -which the second consonant is the /d/ of function words such as de 
(the), deze,dit (this), die,dat (that), dan (than), and so on ('Limburg' rule 1 of Leenen, 
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1954). Both van Ginneken (1935) and Tavernier-Vereecken (1954) report this deviation 
from the general rule (viz. that of regressive assimilation in sequences of which the 
second consonant is a plosive) as occurring in Flemish Dutch. Leenen (1954) reports 
two voiceless consonants in such sequences as also occurring in standard Dutch. In 
his comparison of the speech of Flemish and Dutch radio speech, Demeulemeester 
(1962) observed even more of these deviations in Dutch than in Flemish. These 
reports suggest that perceptual 'uiases may be at work, and that these may account 
for the observed differences. 
To summarize, the facts that ( l) the judgements were usually based on one presenta-
tion only, that (2) a possible perceptual bias of the researcher was not controlled for, 
and that (3) it is not clear whether the judgements were phonetic (based on perceived 
presence/absence of phonetic voice) or phonological (based on an overall impression) in 
nature, lead to a point of view that judging assimilation by ear as it is done in the 
older literature, is not a very reliable method. 
1.2 Definition of assimilation 
According to Abercrombie (1966) assimilations are 'changes in pronunciation' (p.133, my 
italics). Discussing assimilation across word boundaries he states that assimilation '... is 
a direct consequence of the juxtaposition of the two words, or more exactly of the 
resulting contact of the final segment of the first word with the initial segment of 
the second word' (p.l33-134). In his view assimilation has taken place if "... the final 
segment of the first and the initial segment of the second [word] have become similar 
in certain respects in which before they were different. They are similar in so far as 
the sequence (...) is made by one and the same articulatory gesture' (p.134, my italics). 
Crystal (1980) defines assimilation as '... the influence of one sound segment upon the 
articulation of another, so that the sounds become more alike, or identical' (p.35, my 
italics). 
Leaving aside, for the moment, the impreciseness of these wordings, it is clear that 
assimilation is described/defined in articulatory terms, and is viewed as essentially a 
production phenomenon. Adhering to this view of assimilation, Shs (1982, 1986) con-
sidered assimilation of voice as assimilation of the articulatory feature 'voice', that is 
vocal fold vibrations. Assimilation with respect to 'voice' is said to occur if during 
the production of the two-obstruent sequence, or, stated more accurately, throughout 
the total constriction duration, a similar setting of the articulatory feature 'voice', 
either vibrating or non-vibrating vocal folds, is maintained. 
Assimilation viewed as a 'change in pronunciation' or as 'segments becoming similar in 
articulation' presupposes that the two segments do at some stage differ in the articu-
latory feature that is assimilated. Take, for example, the pronunciation of wit boek 
(white book) as /wid buk/, i.e. with vocal fold vibration throughout the intervocalic 
closure. In order to describe the presence of vocal fold activity during the articulation 
of the alveolar plosive as the result of regressive assimilation of 'voice', this pronunci-
ation of the alveolar has to be different from an 'original' pronunciation. This 'origi-
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nal' is the pronunciation as it is found m an environment where assimilation cannot 
take place, for example is het wií' (is it white9)· / iz at w i t / . 
Slis (1982, 1986) took the methodological consequences of his view of assimilation as 
a production phenomenon, viz. that evidence for assimilation of 'voice' (of the articu-
latory feature 'voice') should be sought for in production data. This implies that one 
should obtain measurements of vocal fold activity during the production of the two-
obstruent sequence. To this purpose. Slis (1982, 1986) simultaneously recorded the 
acoustic speech signal and vocal fold activity as recorded by means of an electroglot-
tograph. Production of the two obstruents was taken to occur between the moments 
of oral closure and oral release. The moment of oral closure was operationally 
defined as the point at which a sudden decrease in the amplitude of the speech signal 
occurred, the moment of oral release as the point where a noise burst or a sudden 
increase in the signal's amplitude occurred. The moment of vocal fold activity offset 
was the point in the electroglottogram at which the signal ceased, that of voice onset 
the point at which it started. 
The temporal distance (in ms) between the moment of voice onset and the moment of 
oral release is defined as the voice onset time (VOT). If the momeijt of voice onset 
is later than the moment of oral release, VOT has a positive value, if it is earlier, 
VOT has a negative value. In the same way, the moment of voice offset was relat-
ed to the moment of oral closure giving the voice termination time (VTT), which is 
called voice tail in Slis' terminology. To establish whether the consonants were articu-
lated with or without phonetic voice, the VOT and VTT values obtained were evalu-
ated against entena obtained from measurements on initial and intervocalic plosives 
(Slis, 1968, 1970). In intervocalic voiceless plosives the mean VTT is 20-30 ms (stan-
dard deviation 10 ms). From this the following criterion was derived: the first con-
sonant in the two-obstruent sequence was considered to be produced with vocal fold 
vibrations if the VTT was 50 ms or more. In intervocalic voiced plosives voice con-
tinues throughout the closure and in initial voiced plosives the VOT is on the order 
of -25 ms. Accordingly, the second consonant in the sequence was considered to be 
produced without vocal fold vibrations if the VOT was equal to or larger than 0 ms. 
On the basis of these criteria it was assessed whether assimilation of 'voice' had 
occurred, and if so whether its direction was regressive or progressive. The assimila-
tion data thus obtained corroborated rule В (progressive assimilation if the second con­
sonant is a fricative). However, many exceptions to rule С (regressive assimilation if 
the second consonant is a plosive) were observed. 
1.3 Assimilation of 'voice' and perception of voicing 
In general, assimilation is becoming alike. We speak of assimilation of 'voice' in 
sequences of two obstruents, if this becoming alike takes place on the articulatory 
level, if the articulatory feature 'voice' maintains a similar setting during the produc­
tion of the two obstruents, that is during the constriction duration. This will be 
reflected in the acoustic signal: a low amplitude periodicity will either be present (in 
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the case of regressive assimilation) or absent (in the case of progressive assimilation) 
in that part of the acoustic signal corresponding to the period of oral constriction. The 
presence or absence of this low amplitude periodicity generally acts as a cue to the 
perception of voicing, and consequently the consonants may be perceived as either both 
(phonologically) voiced, or both (phonologically) voiceless. If they are, the two obstru-
ents become alike in perception (with respect to the phonological feature [voice]). 
On the other hand, if two obstruents become alike in perception with respect to the 
phonological feature [voice], this does not necessarily entail that low amplitude period-
icity is either present or absent in that part of the signal that corresponds to the 
period of oral constriction: after all, for single, intervocalic, consonants it was shown 
that, even with no periodicity present, they could be perceived as voiced (Slis & 
Cohen, 1969; Lisker, 1986). So, perception of a (phonologically) voiced obstruent is not 
valid proof that periodicity is indeed present in the acoustic signal, and thus that 
phonetic voice is present during the production of the consonant, i.e. that the vocal 
folds are vibrating during the oral constriction period. 
The terminology used by the traditional researchers of assimilation of 'voice' (for 
example: / t / becomes /d/) suggests that they supposed a one-to-one correspondence 
between production and perception. In other words, they appear to implicitly take it 
for granted that if they perceived a (phonologically) voiced (or voiceless) consonant, 
phonetic voice was present (or absent) during its production, that is during its oral 
constriction period. However, as we have seen above, a consonant may be perceived as 
voiced while no periodicity is present: for example, a short closure duration for 
intervocalic plosives leads to the perception of a voiced consonant (e.g. Lisker, 1986). 
Since this is true for single obstruents, it does not seem an unlikely assumption that 
it may also hold for consonants that are part of a sequence. 
The (phonological) assimilation rules given in section 1.0 were mainly based on per-
ceptual data. If we assume that the researchers who formulated these rules were able 
to distinguish the acoustic correlate of presence or absence of phonetic voice from oth-
er acoustic cues, these rules do correctly describe assimilation of 'voice' in Dutch, i.e. 
the rules do correctly describe what is going on at the articulatory level. However, 
the researchers' perception of voicing may also have been affected by other acoustic 
cues, and these other cues may have guided (or misguided) their voicing judgements. 
This seems the more likely in the light of data obtained by Slis (1986), who, using a 
number of speakers and listeners, made a direct comparison of articulatory/acoustic 
voice measurements as described above and perceptual voicing judgements of the same 
sequences. His data showed that there was no one-to-one relationship between the 
voicing status assigned to the obstruents in the sequences on the basis of the presence 
or absence of phonetic voice and the voicing judgements of the same sequences. Logi-
cally, there appear to be two possible reasons for this discrepancy: either Slis's assimi-
lation criteria are not adequate, or voicing judgements in two-obstruent sequences are 
also cued by features other than the acoustic correlate of presence/absence of phonetic 
voice. 
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What Slis's (1982, 1986) criteria do is translate an acoustic continuum (of VTT and 
VOT values) into dichotomous labels (voiced-voiceless) for the obstruents in the 
sequence. Although based on measurements for single consonants, the choice of a VTT 
of 50 ms and a VOT of 0 ms as the cross-over points between voiced and voiceless, 
is, of course, arbitrary to some extent. (In fact, the VTT criterion is perhaps a little 
conservative in assigning the voiced status to the first consonant.) If we assume that 
the listeners do indeed base their voicing judgements solely on the acoustic correlate 
of presence/absence of phonetic voice, each listener makes a dichotomous voiced-
voiceless judgement on the basis of his evaluation of an acoustic continuum of 
presence/absence of periodicity, formulating his response in terms of phonological cate-
gories, such as /d/ or /t/ . Variation between subjects in the position of the 50% cross-
over point is a general finding in perceptual research. One tries to eliminate this vari-
ation by using a number of subjects to thus arrive at a valid mean. Although Slis 
(1986) did not establish mean perceptual cross-over points, he did use a group of sub-
jects, so their judgements are probably a reflection of such means. So, if presence/ 
absence of periodicity is the sole predictor of voicing judgements, the discrepancy 
between the articulatory/acoustic and the perceptual data may be reduced if different 
VOT and VTT values were chosen. 
On the other hand, it seems more likely that the perception of voicing in two-
obstruent sequences depends on more than just one acoustic feature. In that case, the 
discrepancy between the articulatory/acoustic and the perceptual data would be due to 
the fact that the predictor for the voicing judgements is ill-defined: the consonants 
are assigned to the voiced or voiceless category on the basis of one articulatory criteri-
on only, the presence or absence of phonetic voice. If the vocal fold setting during 
the constriction interval for one consonant differs from that during the constriction 
interval for the other consonant, as assessed by Slis's criteria, the sequence is consid-
ered a non-assimilated one according to those criteria. However, it may well be that 
the articulatory gestures for the two consonants are more alike in some other 
aspect(s). The acoustic consequences of this may then trigger the perception of two 
voiced (or voiceless) consonants. 
To solve the discrepancy reported by Slis (1986), the most promising line of research 
appears to be the pursuing of the second possibility above. We hypothesize that, just 
as in single consonants (Slis & Cohen, 1969), the perception of voicing in two-
obstruent sequences is also cued by acoustic features other than the presence or 
absence of periodicity. So, the aim of the present research is to investigate the cue 
value of a number of acoustic features to the perception of voicing in two-obstruent 
sequences. As such it studies the relationship between the acoustic signal on the one 
hand and perceptual judgements based on that signal on the other. 
The phonologists who concern themselves with assimilation, generally base their lin-
guistic, phonological descriptions on what they term 'observations'. These observations 
are impressionistic in nature: they are partly introspection, partly judgements of other 
people's speech. The question of how these judgements are arrived at is usually of no 
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concern to the phonologist (see, for example, Zonneveld, 1983, p.297). However, it is 
to the phonetician: the relation between the acoustic representation of a linguistic mes­
sage and its perception is one of the central topics in the study of phonetics. 
The present research is concerned with the relation between certain acoustic parameters 
and the perception of voicing in Dutch two-obstruent sequences (С С ). The choice of 
the parameters that were investigated was based partly on measurements of acoustic 
parameters in those sequences (Shs, 1985), partly on the results of experiments con­
cerned with the cue value of acoustic parameters in the perception of voicing in sin­
gle consonants (Slis & Cohen, 1969). 
The parameters studied were the following: 
(1) the moment of voice onset relative to the moment of oral release (voice onset 
time, VOX); 
(2) the moment of voice offset relative to the moment of oral closure (voice termi­
nation time, VTT); 
(3) the range and duration of both VC, and C2V formant transitions, where C, and 
С are the first and the second obstruent in the sequence, respectively; 
(4) the intensity of the fncation noise in fricatives and plosive bursts; 
(5) the duration of the constriction corresponding to the first consonant (C,) in the 
sequence; 
(6) the duration of the constriction corresponding to the second consonant (C ) in the 
sequence; 
(7) the duration of the vowel resonance preceding the sequence; 
(8) the position of stress. 
Before the actual investigation of the perceptual effect of acoustically varying each of 
the eight parameters, I addressed the issue what linguistic make-up of the stimuli in 
which the two-obstruent sequences were to be embedded, would be the most suitable 
one. In a first experiment, perception of the sequences was tested under three condi­
tions: in a word pair, in a word pair that was part of a sentence, and in a nonsense 
utterance The results contained indications that perception might be affected by the 
phonetic context of the sequence. This was verified in a subsequent experiment, 
specifically designed to address the phonetic context issue. Although phonetic context 
effects are a legitimate object of further study (cf. Repp, 1982), it would have gone 
beyond the aim of the present research to have included this as an additional vari­
able. Consequently, the stimuli used in the subsequent experiments were all nonsense 
utterances of the form VCCV. 
The perceptual effects of the eight parameters listed above were studied one by one 
in a series of experiments. Because I was also interested in the question whether the 
parameters would have effects in perception that are additive in nature, or whether 
they would affect perception in a interactive manner, an experiment was run in 
which those parameters that had shown a significant effect, were covaned. And, 
since all previous experiments were conducted with synthetic speech stimuli (see sec­
tion 1.4), I finally addressed the issue of the generalizabihty of results obtained with 
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synthetic speech to natural speech perception. A last experiment tried to replicate, 
with (edited) natural speech stimuli, some of the results obtained earlier. 
1.4 A note on methodology 
The stimuli used in all the experiments but the last one, were synthesized by means 
of a synthesis-by-rules system (Shs, 1978). Synthetic speech was opted for since it 
allows for a systematic variation of the parameter under investigation, as well as for 
a strict control on the other parameters. Furthermore, this procedure ensured that the 
quality of the stimuli was the same in all experiments. 
In the synthesis-by-rules system employed, an input string consisting of phoneme 
labels and prosodie condition signs is transformed into a string of labels indicating 
successive segments. Parameter values for each segment are read from a table that 
contains target values and timing data for each parameter (a 'phoneme' representation). 
These values are then adapted for context and prosodie conditions by using a set of 
synthesis rules, which results in an 'allophone' representation. Subsequently, these 
adapted parameter values for segments of allophone size are converted to parameter 
values for segments of pitch period size, which are used as input for the calculation 
of the synthetic speech signal. The program also allows the user to set parameters at 
self-chosen values. For segments of allophone size the adapted values are overwritten 
by values chosen by the user. 
It was stated in section 1.1 that perceptual voicing judgements may be unreliable. 
Therefore, a number of measures were taken in the present research to enhance relia-
bility of the judgements. First, a homogeneous set of utterances was used: the obstru-
ent sequences to be judged were all embedded in similar VCCV nonword frames. Sec-
ondly, in contrast to the judgements made by the more traditional researchers of 
assimilation, who could often listen to only one presentation of the utterance to be 
judged, the subjects in the present experiments received three presentations of each 
stimulus before giving their response. Thirdly, since the judgements of larger samples 
of subjects tend to better reflect the judgemental behaviour of the population, the per-
ceptual judgements were obtained from groups of listeners. In this way it was tried 
to eliminate possible effects of perceptual biases that may be found in the older liter-
ature, where the data are based on the observations of one listener only (the 
researcher). 
Apart from the very first experiment, in which one group of subjects could be con-
sidered experienced listeners, all participating subjects were untrained listeners. One of 
the reasons for this was a practical one: for reasons outlined above I opted for larger 
groups of subjects, and really sufficiently trained listeners are hard to find. Moreover, 
differences in listening strategies between trained and untrained listeners, e.g. differ-
ences due to semantic listening tend to be reduced in tasks that employ nonsense 
utterances (see, for example, Vieregge, 1985, p.21-22). This is also exemplified by the 
results of the experiment reported in Chapter 2, which show that the inexperienced 
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subjects were more sensitive to the experimental conditions (meaningful words versus 
nonsense utterances) than the experienced listeners. 
Employing untrained listeners has of course consequences for the subjects' task. One 
cannot ask them to formulate their responses in terms of 'the sequence I perceived 
was regressively (or progressively, or not) assimilated with respect to voice'. Even 
responses in terms of 'voiced-voiced' or 'voiceless-voiceless' are probably too sophisticat-
ed. So, the subjects were instructed to give their responses as, for example, 'bd' or 
'pt'. They responded to each VCCV stimulus by circling one of the response alterna-
tives given in an orthographic representation, e.g. abda or apta. The instructions to 
the subjects stressed that the orthography was merely a written representation of the 
'sounds' they were to hear, and that they should listen to all three presentations of 
each stimulus and pay attention to the 'sounds' before making their response. 
This procedure made it possible to include as a response category the 'voiced-voiceless' 
sequences, e.g. 'bt'. Although this sequence is phonologically irregular in Dutch, it was 
nevertheless included in most of the experiments, because in earlier perceptual research 
on two-obstruent sequences (Slis, 1986) subjects had expressed their need for it m 
informal interviews after the test (Slis, personal communication). Another, more 
important, reason for including this response category was the expectation that the 
manipulation of some of the acoustic parameters might induce the perception of 
'voiced-voiceless' sequences. 
In the older literature on assimilation of voice, the perceptual data are usually 
described in qualitative, rather than quantitative terms. Quantitative data based on a 
larger number of speakers can be found in van Rijnbach & Kramer (1939) and in 
Demeulemeester (1962). Quantitative data based on a number of listeners are reported 
by Slis (1986). The present research, too, collected quantitative data concerning the 
perception of voicing in two-obstruent sequences by using groups of listeners. In con-
trast with the older studies, this procedure allows for a statistical analysis of the per-
ceptual data obtained. The data for each stimulus are in terms of frequencies of 
occurrence of the three (or four) response categories used, namely 'voiced-voiced', 
'voiceless-voiced', 'voiceless-voiceless', and (in most experiments) 'voiced-voiceless'. The 
statistically most adequate way to analyze this type of data is the procedure proposed 
by Goodman (1971, 1973). This procedure is based on loglinear models, which were 
specifically developed to handle frequency data in multidimensional contingency tables. 
The statistic employed is a multidimensional chi-square. 
The methodological considerations outlined above lead of course to a rather restricted, 
controlled set-up of the perceptual experiments. The question whether results obtained 
from such experiments are ecologically valid then becomes a legitimate one. This is an 
issue that needs to be recognized by any researcher who wants to systematically 
investigate in a tightly controlled experiment the 'wild-life' observations that led 
him to formulate his research questions in the first place. In the present study it was 
felt that, in the naturalness-control trade-off, more could be gained from having strict 
controls. 
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1.5 A note on terminology 
In an excellent paper, Repp (1981) warns against the loose way in which many 
researchers of speech use names of linguistic categories, such as vowel or consonant, to 
refer to measurements made in recordings of the acoustic speech signal. Terms as 
'vowel duration' and Vt/ duration' incorrectly describe what is measured: the duration 
of the resonance and the duration of the silent interval. And, as Repp points out, 
even these terms need further specification m that suitable criteria for their beginning 
and end should be provided. 
A further quote from Repp's (1981) paper shows that it is imperative to carefully 
distinguish the terminology used in the several levels of speech description. 
'There is no one-to-one (or even many-to-one) correspondence between acoustic 
and linguistic segments; rather, the acoustic information for successive lin-
guistic units overlaps and interacts. (...) It is a consequence of the complex 
dynamics of articulation. Although the input to the articulatory system may 
consist of a sequentially arranged string of abstract linguistic units (this is a 
hypothesis, not a fact), the articulatory movements corresponding to these 
units are no longer strictly sequential, and they are subject to passive as 
well as planned contextual variation. While discontinuities in the acoustic 
output may directly reflect changes in the state of the articulators and of 
the larynx, it is a serious mistake to consider them as boundaries of linguis-
tic segments.' (p.1462) 
Repp further suggests that the crux of the matter lies perhaps in the malpractice of 
using the term speech sounds to refer to phonetic segments, which, as the smallest 
units in a linguistic message, are abstractions, that is 'they are the end result of com-
plex perceptual and cognitive processes in the listener's brain'. As such, 'the abstract 
linguistic segments (the traditional "speech sounds") must be distinguished from the 
actual sounds of speech. These sounds can be described only in auditory terms, such as 
"hiss", "buzz", "silence", etc.' (p.1463) 
In this light, it is clear that Crystal's (1980) definition of assimilation is rather 
imprecise. What Crystal calls 'sound segment' is in fact the abstract linguistic unit 
Repp refers to. If one views assimilation as a production phenomenon, it cannot be 
these abstract units that influence each other, since they belong to a different domain. 
Rather, assimilation is the becoming (more) alike of the articulatory gestures corre-
sponding to these units. And assimilation of 'voice' (the articulatory feature) is said to 
occur if the vocal fold setting corresponding to one unit becomes (more) similar to the 
vocal fold setting corresponding to the other unit. However, since articulatory move-
ments corresponding to linguistic units are no longer strictly sequential, for a defini-
tion of assimilation of 'voice' in articulatory terms, one needs to relate changes in the 
state of the glottis to changes in the state of the other articulators that are involved 
in the production of the obstruents. Because discontinuities in the acoustic signal 
reflect such changes, the definition of assimilation of 'voice' as formulated by Slis 
(1982, 1986) appears to be an appropriate one in this respect that it is given in 
articulatory/acoustic terms. 
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One of the reasons why the terminology in the older literature on assimilation is 
somewhat confusing is the fact that quite often no strict line is drawn between pho­
netics and phonology. I would, therefore, propose to adopt the following terms. Assim­
ilation of 'voice' (the articulatory feature) seems adequate in research concerned with 
articulatory/acoustic measurements. If the relation between acoustic features and per­
ceptual judgements are being studied, as in the present research, perception of voicing 
in two-obstruent sequences is a more appropriate term. In phonological reports, the 
description of assimilation is generally based on perceptual observations. Because it is 
(phonological) voicing that is perceived, the term voicing assimilation that is sometimes 
used in the phonological literature (e.g. Zonneveld, 1983), is a legitimate one, provided 
that one realizes that assimilation is in fact a production phenomenon. In order to 
eliminate any possibility of confusion, 1 myself would prefer to use voicing in two-
obstruent sequences instead, if phonological data are being described. 
At the beginning of the research project that resulted in this dissertation, 1 did not as 
yet fully recognize all the considerations discussed above Even the title of the 
project, 'Perception of assimilation of voice' is inadequate. Assimilation of 'voice' is a 
production phenomenon, and we do not perceive this phenomenon, nor do we perceive 
articulatory gestures or changes in articulatory gestures as a result of assimilation. 
What we do perceive are the acoustic consequences of changes in the state of the 
articulators, which are evaluated by the listener to arrive at abstract linguistic units. 
However, the reader is referred to Fowler (1986) for a different view. 
It was only in the course of my research that I came to realize that, in our thinking 
about assimilation, clarity of thought would benefit from having the distinction 
between the different levels of speech description (articulatory, acoustic, perceptual-
linguistic) reflected in the terminology used to refer to phenomena at these different 
levels. Therefore, usage in the earlier papers is not always in accordance with the ter­
minological considerations given above. This is especially so in the paper that consti­
tutes Chapter 2 in this dissertation. For example, where it reads 'the regressive assimi­
lation response category', this should of course read as 'the voiced-voiced response 
category'. Also, the word 'cluster' should be taken to be 'sequence' (the term clusters 
is usually reserved for sequences of consonants that are part of the same syllable). 
In the later papers, I adopted the usage proposed by Repp (1981). For example, С 
closure duration (or the alternative 'C ' duration) is used to refer to the acoustic seg­
ment of silence that is a cue to C2 perception, and 'preceding vowel' duration is the 
duration of the acoustic resonance that is a cue to the perception of the vowel. As 
far as terminology is concerned, the earlier papers are presented here in their original 
form, because I felt that the terms employed do not, in spite of their occasional 
imprecision, give rise to confusion with regard to their referents. However, the title 
of one paper was changed into a terminologically more precise one (Chapter 2). 
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1.6 Outline of research 
In Chapter 2 and Chapter 3, two experiments are reported that were concerned with 
the question of what was the most suitable form for the stimuli to be used in the 
testing of the perceptual effects of the acoustic parameters. 
In the experiment in Chapter 2, perception of the two-obstruent sequences ( C ^ ) was 
tested in three types of linguistic context: the sequence was embedded in a nonsense 
utterance, in a word pair in isolation, and m a word pair that was part of a sen­
tence. The data suggested that the observed difference between the word pairs in iso­
lation and the nonsense utterances was most likely due to an effect of phonetic con­
text, viz. a difference in voicing in the consonants surrounding the VC С V kernel of 
the stimulus. This chapter was published under a different title, and in a slightly 
modified version, in which the note at the end appears in the middle of the discus­
sion. 
The possible effect of phonetic context was further investigated ш the experiment 
reported in Chapter 3. As it is presented here, it deviates from its published form in 
that the data are presented here in relative rather than absolute frequencies. 
Chapter 4 presents the results of the tests that studied the perceptual effects of voice 
onset time (VOT), voice termination time (VTT) or 'voice tail' (the term used in this 
chapter), range and duration of the VC, and С V formant transitions, and intensity of 
the fncation noise in fricatives and plosive bursts. 
Chapter 5 reports on the perceptual effects of three durational factors: С and С con­
striction duration, and duration of the preceding vowel resonance. The effect of the 
position of stress was also studied in the experiments presented in this chapter. 
To obtain some idea about whether the acoustic parameters affect perception in an 
additive or in an interactive manner, those parameters that had been shown to affect 
the perception of voicing in two-obstruent sequences, were covaned in an experiment 
that is reported in Chapter 6. 
Chapter 7 presents a final experiment, the objective of which was to investigate 
whether the perceptual effects obtained with synthetic speech could be replicated with 
(edited) natural speech stimuli. 
And finally, Chapter 8 contains some concluding remarks and suggestions for further 
research. 
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Chapter 2 
The perception of voicing 
in Dutch two-obstruent sequences 
as a function of 
segmental duration and linguistic context * 
R.J.H. van den Berg & LH. Slis 
*) A slightly revised version of this chapter appeared as: 
Perception of assimilation of voice as a function of segmental duration and linguistic 
context, Phonetica, 42(1): 25-38 (1985). 

2.0 Abstract 
The perception of assimilation of 'voice' in Dutch two-obstruent clusters across word 
boundaries was measured as a function of cluster duration. In an experiment employ­
ing synthetic speech stimuli the duration of the silent interval of the plosives and 
the noise part of the fricatives were varied. The clusters were embedded in three 
types of linguistic context: sentences, words, and nonsense words. Longer durations 
gave rise to more 'voiceless' percepts, resulting in the perception of more 'progressive 
assimilation', at the expense of 'regressive assimilation' and 'no assimilation'. Nonwords 
behaved slightly differently from sentences and words. The different response pattern 
for nonwords is ascribed to a different phonetic context rather than to lexical or 
phonological factors. 
2.1 Introduction 
Because of the final devoicing rule operative in Dutch, assimilation of 'voice' can only 
occur in consonant clusters in which the second consonant is phonologically 'voiced'. 
In the literature on assimilation of 'voice' two general rules of a phonological status 
have been formulated. If the second consonant (C ) in a two-obstruent cluster (C^C,) 
is a fricative, progressive assimilation will occur, resulting in two 'voiceless' conso­
nants; if С is a plosive, regressive assimilation is the rule, rendering two 'voiced' 
consonants. Although assimilation is essentially an articulatory phenomenon, as is 
reflected m Crystal's (1980) definition of assimilation ('... the influence exercised by 
one sound segment upon the articulation of another so that the sounds become more 
alike, or identical'), the rules mentioned above are based on research data that are 
obtained by listening to speech, that is based on perceptual rather than acoustic/ 
articulatory data. This perception of assimilation in a consonant cluster is based on 
the perception of the 'voice' character of the component consonants. That is, perception 
of 'regressive assimilation' is the same as perceiving two 'voiced' consonants, that of 
'progressive assimilation' as perceiving two 'voiceless' consonants, and perception of 'no 
assimilation' is perceiving a 'voiceless' consonant followed by a 'voiced' one. 
In a production experiment Slis (I981a,b) defined assimilation on the basis of the 
acoustic/articulatory voice characteristics of voice onset time (VOT) and voice tail. His 
data corroborated the first rule above, but he found many exceptions to the second 
one. It would therefore seem that perception of assimilation depends on other acoustic 
parameters as well. This is the more likely in the light of data obtained in research 
on intervocalic consonants (Slis & Cohen, 1969), which show that perceived 'voice' 
character of the consonant depends on various acoustic parameters, among which the 
acoustic duration of the consonant. 
The experiment reported here is the first of a series addressing the question what 
acoustic parameters play a role in the perception of assimilation. The effects of the 
parameters are assessed by means of an identification task with a limited number of 
response alternatives. Synthetic speech stimuli are employed, because this allows a 
strict control on the parameters studied. All stimuli are synthesized by means of the 
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speech-synthesis-by-rules system (Slis, 1978) available at the Institute of Phonetics 
Nijmegen (ΙΓΝ). 
The aim of the experiment is two-fold. First, we want to gain some preliminary 
insight in the perceptual effect of the acoustic temporal structure of the consonant 
cluster. Shs & Cohen (1969) found that reducing the silent interval in voiceless plo­
sives caused a shift in perception from 'voiceless' to 'voiced'. A similar effect can be 
expected if the duration of the cluster is reduced: with shorter durations more 'voiced' 
percepts will occur, resulting in an increase of the perception of 'regressive assimila­
tion' and 'no assimilation'; longer durations will give rise to more 'voiceless' percepts, 
and hence more 'progressive assimilation' will be perceived. 
The second goal of the experiment is to establish what type of stimuli can best be 
used to measure the perceptual effects. Ganong (1980) showed that perception of 
utterance-initial plosives is affected by the lexical status of the phonetic sequence in 
which they occurred. He measured the perceptual phoneme boundary on pairs of VOT-
continua. For one of these continua the voiced end formed a word and the voiceless 
end a nonword, for the other it was the other way around, e.g. dash-tash and dask-
task. The lexical effect was demonstrated in that the phoneme boundary shifted 
towards the nonword end of the continuum, resulting in more word percepts. 
It is therefore possible that the lexical status of the phonetic string also affects the 
perception of assimilation. Furthermore, we want to be able to relate our findings to 
a more natural listening situation, in which clusters are embedded m longer stretches 
of speech, such as sentences. Therefore, the effect of cluster duration is examined 
under three conditions: sentences, words, and nonwords. However, to avoid possible 
interpretation problems that might anse from engrained phonetic patterns, that could 
obtain for cases of assimilation within words, only assimilation across word boundaries 
is investigated. 
2.2 Method 
The effect of duration was investigated in eight clusters, all possible heterorganic 
combinations of labial and alveolar plosives and fricatives: /pd/, /tb/, /fd/, /sb/, 
/pz/, /tv/, /fz/, and /sv/. Homorganic clusters were excluded, because timing is differ­
ent in these clusters (Slis, Nooteboom, & Willems, 1977). Moreover, in homorganic 
clusters in which the two consonants differ only in 'voice', there is a risk that with 
variation in cluster duration the perceptual boundary between single consonants and 
geminates may be crossed, as was shown for English by Repp (1978). Velar obstruents 
were avoided, since in Dutch the 'voiced' velar plosive /g/ only occurs in loan words, 
while the 'voicing' opposition in the velar fricatives is of a doubtful status. 
For each of the eight clusters pairs of monosyllabic words were constructed. Each 
word pair consisted of a meaningful combination of an adjective and a noun, thus 
keeping constant the depth of the linguistic boundary across clusters. Van Hooff & 
van den Broecke (1983) showed that this factor affects the frequency of assimilation. 
For each word pair a sentence was constructed in which the target words were posi-
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tioned at the end, since the reduction of segmental duration as found in larger seg­
ments of speech, is minimal at the end of the utterance. Nooteboom (1972), in fact, 
showed that the duration of the last syllable did not depend on the number of pre­
ceding syllables. 
Care was taken to select sentences that were semantically as natural as possible with­
in the syntactic and positional constraints. In the nonwords the same vowels as in the 
•words were maintained, in order to preclude possible effects of the immediate phonetic 
context of the cluster. The stimuli used are listed in Appendix A. 
The nonwords, the words, and the words in sentences were all synthesized with the 
same intonation pattern and at the standard speech rate of the synthesis-by-rules pro­
gramme. In plosive-plosive clusters Cl was synthesized without the burst explosion in 
accordance with articulation practice. Voice was removed from С by setting the peri­
odic source at zero, as pilot experiments showed that the presence of even a short 
stretch of voicing before the onset of the second vowel led to the perception of a 
'voiced' second consonant. It was felt that (in particular for plosive-plosives) the artic­
ulation place of C1 was inappropriately cued. To remedy this the onset of the preclus-
ter formant transitions was shifted forward in time by 20 ms as compared to the 
standard value. 
The temporal structure of the sentences and the isolated words and nonwords was 
controlled by the timing rules implemented in the synthesis system. These rules are 
based on the results of extensive research on timing in naturally produced speech (see, 
for example, Slis, 1971, on some of the aspects of timing). The way in which the 
rules operate is illustrated for two-syllabic words in Shs, et al. (1977). This proce­
dure produced utterances with a natural timing pattern. 
In all three contexts, each cluster was synthesized at nine different durations, viz. 88, 
100, 112, 130, 148, 166, 190, 214, and 240 ms, the duration increment for each step 
being about proportional to the overall duration. Total cluster duration was equally 
divided between the two component consonants, counting only the silent interval of 
the plosives and the noise portion of the fricatives. This was achieved by setting the 
duration parameter of the consonantal segments at half of each of the nine values 
listed above. Of course, for plosive-plosives the exact position of the segmental bound­
ary did not really matter. Nevertheless, these clusters were treated in the same 'way, 
since this boundary plays a role in the timing of the from-segment-to-segment adjust­
ment of other parameters. The stimuli were recorded onto audiotape, one tape for each 
level of the linguistic context variable. On each of the three tapes the 72 stimuli (8 
clusters times 9 durations) were randomly ordered and preceded by six practice stim­
uli. Each stimulus was recorded three times with a 1-second interval between repeti­
tions and an interstimulus interval of 5 seconds. The scoresheets contained an ortho­
graphic representation of each stimulus, in which the target consonants were 
underscored, together with four response alternatives. For example, for the stimulus 
diep dal, these alternatives were bd, pd, pt, and bt. The last category, a phonological-
ly irregular sequence in Dutch, was included because in earlier research subjects' 
remarks showed that they felt this response category to be lacking. 
Subjects were instructed to listen carefully to all three repetitions of each utterance, 
before indicating what sequence of consonants they had heard. It was stressed that, 
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Table I. Chi square for main effects of cluster duration (df=24), linguistic context 
(df=6), and their interaction (df=48). For details see text. Levels of significance: 
* p<05, ** p<01, *** p<.001 
all obstr obstr 
clusters +plos +fric 
all sub] 
dur 
с ont 
dur χ сont 
exp sub] 
dur 
с ont 
dur χ сont 
inexp sub] 
dur 
cont 
dur χ cont 
298 45 *** 286 94 *** 93 35 *** 
21 17 ** 23 63 *** 79 91 *** 
22 07 ns 26 72 ne 36 73 ns 
231 01 *** 203 82 *** 85 19 *** 
5 29 ns 4 52 ns 20 40 ** 
24 70 ns 33 75 ns 27 19 ns 
92 36 *** 108 19 *** 36 57 * 
19 83 ** 25 65 *** 68 19 *** 
18 81 ns 19 52 ns 33 08 ns 
although letters were used as response categories, they represented sounds, and that 
they should be scored as such 
Two groups of subjects participated in the experiment: nine staff members of the 
Institute of Phonetics Nijmegen - who can be considered to be experienced listeners -
and nine students without any previous experience in auditory testing and with mini­
mal theoretical linguistic knowledge - i.e. students of linguistics were not allowed to 
participate. Each group was divided into three subgroups, each of which listened to 
the three stimulus tapes (sentences, words, nonwords) in a different order according to 
a Latm-squares design. Subjects listened to the tapes over headphones and were tested 
individually. Between tapes there was a short break of a few minutes and experimen­
tal sessions lasted a little over sixty minutes. 
Informal interviews after the testing showed that none of the subjects had encoun­
tered difficulties in performing the task. They all judged the utterances to be of a 
good quality. Some of the inexperienced subjects indeed showed their amazement about 
the good intelligibility of the synthesized speech. 
2 3 Results 
Response categories were labelled 'regressive assimilation' (++) (two 'voiced' consonants), 
'no assimilation' (-+) (a 'voiceless' consonant followed by a 'voiced' one), 'progressive 
assimilation' (—) (two 'voiceless' consonants) and 'rest' (+-) (a 'voiced' consonant fol­
lowed by a 'voiceless' one). For each of the 216 stimuli (3 contexts χ 8 clusters χ 9 
durations) the frequency of each of the four response categories was assessed. The 
obtained matrix of frequencies was analyzed according to Goodman's (1971, 1973) 
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Figure la. Frequencies of response categories for all clusters for all subjects. 
logodd procedure, with response category as the dependent variable, and cluster dura­
tion and context as predictors. The statistic employed is a multidimensional chi square. 
The data were analyzed as follows: an analysis was performed on the data for all 
subjects giving the duration and linguistic context effects for all clusters taken togeth­
er, as well as for obstruent-plosive clusters and obstruent-fricative clusters separately. 
Two more analyses give the same effects for the same cluster groups for experienced 
and inexperienced subjects respectively. Table I gives the values of chi square associat­
ed with the main effects of duration and linguistic context and their interaction for 
each of the three analyses 
figure la displays the relative frequencies of the four response categories for all clus­
ters taken together for all subjects. Figures lb and 1c show the same for experienced 
and inexperienced listeners respectively. 
The factor duration was significant m all analyses. An increase in cluster duration 
brought about a large increase in 'progressive assimilation' and a large decrease in 'no 
assimilation', as well as a small decrease in 'regressive assimilation' responses, i.e. all 
in the direction of 'voiceless'. The number of 'rest' responses is about equally dis­
tributed across durations. This general response pattern held for all three types of 
linguistic context. This is also exemplified by the interaction between cluster duration 
and linguistic context, which was nowhere significant. The main effect of linguistic 
context was significant. A breakdown of the data with regard to groups of subjects 
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Figures 2a-b. Frequencies of response categories for obstruent-plosive and obstruent-
fricative clusters for experienced listeners. 
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and cluster types shows that this effect is stronger for inexperienced subjects than for 
the trained listeners. A little surprisingly obstruent-fricative clusters were more liable 
to the linguistic context effect than obstruent-plosives. 
Inspection of the data revealed a great deal of variation between subjects. We there­
fore tested each individual subject's sensitivity to linguistic context by means of an L 
test (Spitz, 1968) on the scores summed over clusters and durations. This test is 
appropriate in cases where the frequency in one or more of the cells is below five, 
and yields L values comparable to chi-square values. Seven out of 18 subjects showed 
significant (at the 1% level) differences, three from the inexperienced and four from 
the experienced listeners group. Their data, however, did not show any consistent 
trend pertaining to context whatsoever: any linguistic context effects appeared to be 
random. 
A comparison of the two groups of subjects showed a significant group effect for all 
clusters (χ2= 35.73, df=3, p<.00l). This effect is due to clusters ending in a fricative 
(χ2= 50.74, df=3, p-c.OOl) rather than to those ending in a plosive (χ2= 3.70, df=3, 
n.s.). Figures 2a-d display the relative frequencies of the response categories for the 
two cluster types for experienced and inexperienced subjects separately. 
2.4 Discussion 
The effect of cluster duration is straightforward: longer durations give rise to more 
voiceless scores. Longer durations lead to a sharp increase in 'progressive assimilation', 
a sharp decrease in 'no assimilation', and a small decrease in 'regressive assimilation' 
responses. The total absence of periodicity throughout the cluster and - as a result of 
this - the generally low number of 'regressive assimilation' responses probably account 
for the fact that the number of these responses was hardly affected by cluster dura­
tion. The equal distribution of 'rest' responses across durations seems to reflect the 
same fact. The high total (20%) of these responses may be due to our explicitly 
including this response category. It may also have been induced by shortcomings in 
the speech synthesis programme used (but see Note 1). 
Inexperienced subjects showed a greater overall sensitivity to linguistic context than 
the trained listeners. The latter - being more used to the kind of task - displayed a 
tendency to ignore the context altogether and concentrate on the target cluster. For 
trained listeners linguistic context did show an effect for clusters ending in a frica­
tive, whereas for untrained subjects this effect was observed for both cluster types, 
with a larger effect for the fricative clusters. 
In a direct comparison of the sentence and word conditions the effect of linguistic 
context was not significant. It therefore appears that the sentence construction exerts 
no influence on the perception of the target cluster. So, any effects due to the differ­
ence in linguistic context between isolated word pairs and sentences containing the 
same can be said to be absent, at least in situations in which the stimuli are known 
to the subjects beforehand, as in our experimental set-up. 
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Table II. Mam shifts in responses to words and nonwords for clusters where a signif­
icant difference was observed 
Column 3 lists cases where C, perception in nonwords is more in accordance with the 
phonological rules of Dutch than its perception in words. Columns 4 and 5 list possi­
ble effect of phonetic context on perception of C] and C2 A shift in perception in 
accordance with the hypothesized cause is indicated with a + , an opposite shift with 
a - . In the case marked о the shift can only be explained in phonological terms if it 
is assumed that the assimilation rules are applied less in nonwords than in words. 
The two uncertain cases are marked with a ' and open cells mark no shifts. 
words nonwords 
experienced 
subjects 
be bz 
df tv 
vz fz 
inexperienced 
subjects 
df tv 
ve fz 
zf sf 
tp dp 
zb sb 
c
,
 c
,
 c
? phonol phonet phonet 
? 
+ + + 
+ + 
+ + + 
+ + ? 
+ + 
+ 
0 • 
Nonwords differed significantly from sentences and words. Again this was so for both 
cluster types for the inexperienced subjects, and for obstruent-fricatives only for the 
experienced listeners. A detailed analysis of the responses shows that a significantly 
different response pattern was observed for only some of the clusters. These clusters, 
together with the most prominent shifts in the responses to words and nonwords are 
given in Table II. 
A factor associated with the nonwords is likely to be responsible for the effect of 
linguistic context. However, a bias to respond with words cannot be the cause of the 
different response pattern. In view of the final devoicing rule operative in Dutch the 
change in the perception of С never produces a word. As for С , the observed 
changes did not render Dutch words. So meanmgfulness does not seem to play a role. 
Another cause for the difference could be the phonological rules of Dutch. Since these 
rules do not exhibit any restrictions on C2, only C, changes can be attributed to this 
factor. As can be seen from Table II, 'voice' inversion (+-) was perceived less in non-
words than in words. So, apparently, nonwords are perceived more m accordance with 
the phonological rules of Dutch, although it is hard to see why this should be so. 
Words and nonwords also differed in phonetic context. The consonants surrounding the 
constant -VCCV- kernel inevitably had to differ. Although we did not systematically 
control for phonetic context, this factor could be the cause of the observed shifts, if 
we make two assumptions. Firstly, a more voiceless phonetic context gives rise to 
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more 'voiceless' percepts, a more voiced phonetic context to more voiced percepts. Sec­
ondly, going from plosives to fricatives to other consonants (nasals, liquids, glides) 
there is an increase in sonontv. If this is applied with reference to the phonetic con­
text of the syllable in which the consonant occurs, it explains all of the significant 
С shifts (two for experienced and five for inexperienced subjects). Two of the four 
significant C2 shifts (two for each group of subjects) can also be explained this way. 
The relative voicedness of the phonetic context in the words and nonwords for the 
remaining two C2 shifts is more difficult to assess. It would seem, therefore, that the 
word-nonword difference can be ascribed to differences in phonetic context. However, 
further tests are needed in which the phonetic context is kept under control. 
2.5 Conclusion 
Cluster duration affected the perception of the target clusters. Longer durations gave 
rise to the perception of more 'voiceless' clusters. The most frequent shift in percep­
tion occurred between the 'no assimilation' and 'progressive assimilation' response cate­
gories. With longer durations the number of 'no assimilation' responses decreased and 
that of 'progressive assimilation' responses increased. 
The observed linguistic context effect was entirely due to a different response pattern 
for nonwords. The fact that there was no difference between the words and sentence 
conditions would seem to indicate that the often-felt need for carrier phrases in pho­
netic perceptual testing is unwarranted, provided that temporal differences due to posi­
tion in the utterance are controlled for. 
The different pattern for nonwords could not adequately be explained with reference 
to a linguistic factor. A more probable cause for the difference would seem to he m 
the different phonetic context. It seems therefore justified to conclude that linguistic 
context does not play a role in the perception of phonetic segments, at least not with­
in the experimental set-up and procedure that was employed, in which the linguistic 
content of the stimuli and the response alternatives were known to the subjects. In 
order to prevent phonetic context from playing a role in comparisons it appears advis­
able to use identical non word stimulus frames in studying the perception of embedded 
speech sounds. 
Note 1 
In order to let the place of articulation of the first consonant come out more clearly 
we shifted the moment of onset of the formant transitions forward in time by 20 
ms with respect to the standard values employed in the synthesis programme. This 
may have induced more 'voiced' C1 percepts than would have been observed in the 
'normal' condition. The perception of С as 'voiceless', m combination with a 'voiced' 
C,, may be due to the fact that the intensity of the fncation noise in the fricatives 
and the release bursts of the plosives was too high. These two conditions may explain 
the high incidence of 'rest' responses, which, according to the phonological rules of 
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Dutch, are not permitted That the forward shift of transition onset may have been 
too large is not only exemplified by the high rate of 'rest' responses, but also by the 
fact that some subjects reported a shift m the place of articulation, often accompanied 
by a perceived diphthongization of the precluster vowel, e.g. /slauk/ for /slap/ In a 
separate experiment employing obstruent-plosive clusters embedded m VCCV nonwords 
(with the same vowels in all nonwords) we tested the effect of the precluster for­
mant transitions as well as the effect of the intensity of the fncation noise in the 
release burst of С Transition onset was early, mediate or late with respect to the 
vowel-consonant boundary, transition duration was short or long; and burst intensity 
level was high or low. In a forced choice task ten subjects scored on a five-point 
scale: (+), (++), (-+), (—), (-) The (+) and (-) alternatives were included to allow 
subjects to score perception of a deleted С . These response categories were felt to be 
missing for plosive-plosive clusters. Subjects were also encouraged to indicate perceived 
cases of 'voice' inversion, or any other peculiarities that struck them. This open 
response category replaced the (+-) alternative. 
Burst level had a significant effect, with more 'voiceless' responses to the higher lev­
el, whereas both the main effect of transition type and the interaction were not sig­
nificant. An analysis of the open category responses showed that 'voice' inversion was 
perceived only a few times Diphthongization of precluster vowel and insertion of a 
liquid or glide before the cluster were reported more often, for the majority of times 
in stimuli with an early onset. So it would seem that an early transition onset gives 
rise to the perception of these other phenomena, rather than to the perception of 
'voice' inversion. Since the other phenomena were not permitted as a separate response 
category in the duration experiment, it would seem that subjects resorted to the 
'voice' inversion alternative m these cases. These data, therefore, support the view that 
the high proportion of 'voice' inversion responses was mainly caused by our explicitly 
including this response category. 
Appendix A: Stimuli. 
Sentences 
't Huis stond in 'n diep dal 
Op tafel stond 'η plat bord 
Onze poes is 'η lief dier 
Ik heb liever fris bier 
't Gaat beter met 'n slap zeil 
De vrouw droeg 'n wi t vest 
't Ruikt hier naar muf zand 
Wat is dat 'n vies vod 
Words 
diep dal 
plat bord 
lief dier 
fris bier 
slap zeil 
wit vest 
muf zand 
vies vod 
Nonwords 
biep dang 
flat bork 
tief diel 
plis biel 
brap zeim 
slit vert 
kuf zank 
ties ν ok 
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Chapter 3 
Phonetic context effects 
in the perception of voicing 
in CjC^ sequences 
R.J.H. van den Berg & I.H. Slis 
») Journal of Phonetics, 15(1): 39-46 (1987). 

3.0 Abstract 
The voicing status' of the nonadjacent phonetic context is shown to affect the percep­
tion of voicing in Dutch two-obstruent clusters. In CVCCVC synthesized nonsense 
word stimuli the voicing status of the initial and final consonant was varied (/n/ vs 
/s/). This manipulation affected perception of the medial consonant sequence in that 
the voiced context (/n/) biased perception to 'voiced' responses, and the voiceless con­
text (/s/) to 'voiceless' responses. This effect appeared to be syllable-bound, but the 
exact domain over which the context exerts its effect remains to be established. 
3.1. Introduction 
Over the years, one of the topics in perceptual studies of embedded speech sounds has 
been the effects of contextual factors. In a recent study on the perception of voicing 
in Dutch two-obstruent sequences (van den Berg and Slis, 1985), we investigated the 
effect of the linguistic context. The С С sequences were part of two successive sylla­
bles. The sequences were tested in three types of linguistic context: word pairs (of 
the type CVCjC VC) in sentences, the same word pairs in isolation, and nonsense 
words. No difference was observed between the sentence and word conditions; how­
ever, for some of the sequences the nonsense words displayed a significantly different 
response pattern. 
This difference might be due to either lexical, phonological, or phonetic context differ­
ences between the words and the nonsense words. Context effects originating at these 
various levels have been shown to exist. Below, we will briefly discuss some data 
from the literature relating to these different types of context effects. Next we will 
argue that the observed differences are more likely to be due to differences in the 
phonetic context of the words and nonsense words, than to phonological and/or lexical 
context factors. To test this claim we set up a new experiment, which is presented in 
the next section. Finally, we will sketch some ensuing theoretical implications. 
3.1.1 Lexical context 
The effect of lexical context was investigated by Ganong (1980) for English. Percep­
tion of an utterance-initial plosive was affected by the lexical status of the string in 
which it occurred. By varying voice onset time (VOT) and following context, two 
continua were created, in which one end made a word, the other end a nonsense 
word: dash-tash and dask-task. In one context the voiced end of the continuum made 
a word (dash), in the other the voiceless end (task). The lexical effect was demon­
strated in that the perceptual cross-over point on the VOT continuum shifted toward 
the nonsense word end of each continuum, so that for each context more words were 
perceived: a word bias in perception. 
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3.1.2 Phonological context 
The role of phonological context in speech perception has received attention from Mas­
saro and Cohen (1983). The purpose of their study was to investigate the integration 
of acoustic and phonological information. Stimuli from a /li/-/ri/ continuum, generat­
ed by varying the onset frequency of l· , were preceded by four different consonants 
(/p,t,s,v/) to make either phonological admissible (ph.pn.tn.sli) or inadmissible 
(tli,sn,vli,vn) English sequences. Phonological context had a significant effect on per­
ception of the liquid. As expected, the proportion of /rZ-identifications was largest for 
the /t/ context, where /τ/ is the only phonologically regular possibility, smallest for 
the /s/ context, where /r/ is phonologically irregular, and intermediate for /p/ and 
/v/ contexts. So, phonological restrictions apparently affect the perception of speech 
sounds. 
3.1.3 Phonetic context 
Among others, Mann and Repp (1980) demonstrated the effect of vocalic context (/a/ 
vs /u/) on the perception of the preceding fncation noise, which was taken from a 
/s/-/J/ continuum. In their Experiment 4, they employed stimuli that consisted of a 
succession of a synthetic noise segment and a gated-out real speech vowel segment. 
The noise segments were taken from the /s/-/J/ continuum, the vowel portions from 
the utterances /sa, su. Ja, Ju/. This procedure allowed them to have stimuli with 
vowel segments containing formant transitions that were appropriate for either /s/ or 
/J/, in both of the two vocalic contexts /a/ and /u/. Both formant transitions and 
vowel quality itself affected the percentage of /J/ responses. On the basis of this 
result, Mann and Repp made a theoretically important distinction between 'trading 
relations' and 'context effects' (see also Repp, 1982). 
The formant transitions are a direct consequence of the fricative production, and as 
such constitute a direct cue to the place of articulation of the fricative. Integration of 
this cue with the one associated with the fncation noise itself leads to a perceptual 
unit for the fricative (Repp, 1978). The direct cues can be traded against each other: 
a change in the setting of cue A (which would have led to a different phonetic per­
cept) can be perceptually counteracted by a change in the setting of cue B. The effect 
of formant transitions on fricative perception is thus regarded as a trading relation. 
In Mann and Repp's experiment, vowel quality itself is not a direct result of produc­
tion of the fricative, and thus does not contain cues to the place of articulation of 
the fricative. On the other hand vowel quality has been shown to affect fricative 
production (e.g. Fujisaki & Kumsaki, 1978), in that the frequency of the fncation 
noise is substantially lower in the /u/ context than in the /a/ context. The perceptual 
mechanism is taken to 'know' about this coarticulatory effect, and to take it into 
account in either its perception or its evaluation of the cues to the place of articula­
tion of the fricative (Repp, 1982). In Mann and Repp's experiment, the effect of 
vowel quality would be due to this perceptual compensation for coarticulatory effects. 
Thus, the effect of vowel quality on fricative perception is viewed as a phonetic con-
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text effect. 
3.1.4 Linguistic context 
As mentioned above, the effect of linguistic context on the perception of С С 
sequences (van den Berg & Slis, 1985) was tested using three types of linguistic con­
text: word pairs (of the type С ΥΟ,Ο VC,) in sentences, the same word pairs in isola­
tion, and nonsense words. The latter were obtained from the word pairs by changing 
the initial consonant (C) of the first syllable, and the final consonant (C() of the sec­
ond syllable. The subjects responded to the medial C C sequence with one of the four 
following response alternatives: voiceless-voiceless, voiceless-voiced, voiced-voiced, and 
voiced-voiceless. The response pattern for the nonsense words differed significantly 
from that for the sentences and words conditions. It is likely that a factor associated 
with the nonsense words is responsible for the observed effect. Nonsense words differ 
from the word pairs on three levels: the lexical status of the string, the phonological 
restrictions at work, and the different phonetic context provided by the С and Cf in 
the C V ^ C VC stimuli. The possible contribution of each of these three factors to the 
results obtained will be considered in turn 
An effect of the lexical status of the string as found by Ganong (1980) would mani­
fest itself in a word bias in perception. That is, the listener will be inclined to per­
ceive the sounds in such a way that the resulting string forms a pair of meaningful 
words. The word stimuli were chosen so that only the strings with voiceless-voiced 
sequences made up meaningful word pairs. In the word condition we may therefore 
expect a perceptual bias toward the voiceless-voiced sequence. In the nonsense word 
condition, in those cases where a shift in the voicing status of one of the members of 
the C ^ sequence does yield a meaningful word, we expect that perception is biased 
toward the meaningful word. Since voiceless-voiced sequences always resulted in non­
sense words, this would mean a shift away from the voiceless-voiced responses in the 
nonsense word condition. However, nothing of the kind was observed; on the contrary, 
nonsense words show more voiceless-voiced responses than word pairs. 
If an effect of phonological restrictions, as demonstrated by Massaro and Cohen (1983), 
would also prevail in the perception of the C C sequences, we expect that the listen­
ers will perceive a higher number of 'regular' sequences in the word pairs than in 
the nonsense words. So, according to the assimilation rules for Dutch, more voiced-
voiced responses are expected in word pairs with obstruent-plosive sequences, and more 
voiceless-voiceless responses in word pairs with obstruent-fricative sequences (see e.g. 
Booij, 1981; Trommelen & Zonneveld, 1979). The results are to the contrary: we 
observed more phonologically irregular sequences (voiced-voiceless) in words than in 
nonsense words. 
Finally, a possible explanation for the effect may be found in the different phonetic 
context provided by the initial (C) and final consonant (C(). The observed shifts in 
the responses to words and nonsense words could be explained in terms of differences 
in the 'degree of voicing' present in that consonantal context, if we make the follow-
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ing assumptions: 
(1) A more 'voiced' context (e.g. /b,d,l,m,n/) gives rise to more 'voiced' percepts, and 
a more 'voiceless' context (e.g. /p,t,f,s/) to more 'voiceless' percepts; 
(2) The consonants are ordered on a sonority scale: from plosives on the voiceless 
end, via fricatives, to other consonants (nasals, liquids, and glides) on the voiced 
end of the scale (cf. van Galen, 1984; Booij, 1981); 
(3) These two assumptions are applied within the syllable, that is, the initial conso­
nant (C) influences the perception of Cy and the final consonant (C,) that of С . 
Unfortunately, in generating the stimuli for the linguistic context experiment just 
mentioned, the voicing status of the initial and final consonants in the word and 
nonword conditions was not strictly controlled for. Therefore, a separate experiment 
was designed, which will be presented here. We here applied a more systematic con­
trol on the 'degree of voicing' present in the context. In the CVCCVC( nonwords that 
were employed, the initial (C) and final (Ct) consonants were either voiced (/n/) or 
voiceless (/s/). If the above assumptions are correct, we expect to find the following. 
If both С and Cf are voiced the highest number of voiced-voiced responses is expected, 
a voiceless С and voiced C( will bias perception towards voiceless-voiced responses, a 
voiceless С and voiceless C( will bias towards voiceless-voiceless responses, and a 
voiced С and voiceless Cf is expected to lead to the highest number of voiced-voiceless 
percepts. 
3.2 Method 
The effect of phonetic context on the perception of voicing in two-obstruent sequences 
was investigated in C V ^ C V Cf nonsense words. The C^C sequences were all het-
erorganic combinations of labial and alveolar plosives and fricatives: /pd/, /tb/, /fd/, 
/sb/, /pz/, /tv/, /fz/, and /sv/. Both vowels (V ,V ) always were /a/. The initial 
(C) and final (C() consonant were either an /n/ or an /s/, so each sequence appeared 
in four different types of phonetic context. For example, for the sequence /pd/ these 
were napdan, napdas, sapdan, and sapdas. 
The stimuli were generated by means of the speech-synthesis-by-rules system available 
at the Institute of Phonetics Nijmegen (Slis, 1978). In this system an input string of 
phoneme labels and prosodie condition signs is transformed into a string of labels 
indicating successive segments. The parameter values for each segment are read from a 
table that contains target values and timing data for each parameter (a 'phoneme' rep­
resentation). These values are adapted for context and prosodie conditions by a set of 
synthesis rules (into an 'allophone' representation). These adapted parameter values for 
segments of phoneme size are then converted to parameter values for segments of 
pitch period size, which are used as input for the calculation of the synthetic speech 
signal. The synthesis program also has a built-in opportunity to set parameters at 
self-chosen values. For segments of allophone size the adapted values are overwritten 
by values chosen by the user. 
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The С С sequences used were described as a voiced plus a voiceless consonant (e.g. 
/pd/), because these phoneme labels were used in the input string. All stimuli were 
synthesized with the same intonation pattern and at the standard speech rate. Both 
syllables were stressed, stress indicated with an intonational rise on the first syllable, 
and an intonational fall on the second syllable (van Katwijk, 1974). By setting the 
amplitude of the periodic source to zero, voice was removed from the С segments. If 
C, was a plosive, it was synthesized without a release burst. In С plosives a weak 
release burst was present, simultaneous with voice onset. Apart from the C1 and С 
segments the temporal structure of the stimuli was controlled by the timing rules of 
the synthesis program. These rules are based on extensive research on timing in natu­
ral speech (see e.g. Slis, 1971; Slis, Nooteboom & Willems, 1977). The durations of the 
C, and C2 segments were chosen so that they did correspond to values measured in 
assimilated sequences in natural speech, i.e. 125 ms for plosive-plosive sequences, and 
140 ms for the other sequences. The joint effect of removing voice from the C2 seg­
ments, of synthesizing С plosives without the release burst, and of setting the dura­
tions of the C[ and С segments at the values mentioned, was that the resulting 
acoustic signal was sufficiently ambiguous (according to informal listening) with 
respect to the voicing status of the consonants in the C^C sequence. 
Four blocks were recorded, each containing all 32 stimuli (8 sequences times 4 phonet­
ic contexts) in a different random order, so that each subject gave four responses to 
each stimulus. The four blocks were preceded by a practice block of 10 items in 
order to allow the subjects to get used to the synthesized speech and the task. Each 
stimulus word was recorded three times with a 1 second interval between repetitions 
and a 5 second intertnal interval, in which the subjects were to indicate what 
sequence they had heard. To this purpose the response sheets contained an orthographic 
representation of the four response alternatives. For example, for the stimulus napdas 
these are. nabdas, napdas, napias, and nablas Of the 20 subjects (9 male, 11 female) 
that participated, half received the four blocks in the order ABCD, the other half in 
the reversed order. Subjects were instructed to listen carefully to all three repetitions 
of each item and to identify the sounds before responding. They were tested individu­
ally and listened to the stimuli over headphones. Experimental sessions lasted about 30 
minutes. None of the subjects experienced difficulties in performing the task, and all 
judged the synthetic speech to be of good quality. 
3.3 Results 
Response categories were labelled (++) for voiced-voiced responses, (-+) for voiceless-
voiced, (—) for voiceless-voiceless, and (+-) for voiced-voiceless responses For each of 
the 32 stimuli the frequencies of occurrence of the four response categories were 
assessed. The obtained matrix of frequencies was analyzed according to Goodman's 
(1971, 1973) logodd procedure. The statistic employed is a multidimensional chi square. 
The effect of phonetic context was highly significant: χ2** 208.64 (df=9, p<.00l). Rel­
ative frequencies of the response categories for the four types of phonetic context are 
listed m Table I. The effect of phonetic context was strong indeed as is exemplified 
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Table I: Relative frequencies of perceived voicing in C ^ sequences as a function of 
the voicing status of the context. 
context 
n--n 
B--n 
8--S 
n--s 
+ + 
33 6 
19 5 
14 5 
26 3 
- + 
44 8 
61 6 
50 3 
35 2 
--
10 3 
12 2 
27 2 
22 0 
+ -
11 3 
6 7 
8 0 
16 6 
by the fact that it was significant (p<.00l) for each of the eight sequences separately. 
The general response pattern was roughly the same for each sequence, which may also 
be inferred from the fact that the interaction between phonetic context and sequence 
type was not significant. 
Inspection of Table I reveals that the response pattern is in line with what was pre­
dicted on the basis of the assumptions formulated in the introduction. The highest 
number of voiced-voiced responses (++) indeed occurred in the n~n context, most 
voiceless-voiced responses (-+) were given in the s—η context, most voiceless-voiceless 
sequences (--) were perceived in the s—s context, and the n—s context was the most 
favourable one for the perception of voiced-voiceless responses (+-). 
The picture becomes even clearer if we consider the responses to C, and C2 separately 
in relation to initial and final context. These data (derived from the four response 
categories used) are given in Table II. The voicing status of the initial consonant sig­
nificantly affected C1 perception (χ2= 107.77, df=l, p<.00l) but not C2 perception (χ 2 -
2.91, df=l, ns). The effect of the voicing status of the final consonant was reversed: 
C ) perception was not affected (χ2= 2.38, df=l, ns), whereas C2 perception was (χ2= 
86.87, df=l, p<.00l). Both effects were in the predicted direction, ι e. a voiced С led 
to more 'voiced', a voiceless С to more 'voiceless' C, percepts. The same holds mutatis 
mutandis for С and С . These response patterns would seem to indicate that the 
effect of the voicing status of the initial and final consonant manifests itself within 
the domain of the syllable. Since we wanted to be certain that the effect was not 
entirely due to a few subjects only, we looked at each individual subject's data. For 
15 out of 20 subjects the context effect was significant at a 10% level (see Note 1) 
and response patterns resembled the pattern of Table I For the remaining 5 subjects a 
tendency in the same direction was observed. 
We also considered the consistency of the responses. A subject would have been per­
fectly consistent, if for each single item of the 32 he would have given the same 
response to each of its four presentations. So, a score of four equal responses to each 
of the 32 stimuli would reflect perfect consistency. Chance performance over the four 
presentations would yield a subject's mean score over items of 2.125. The average sub­
ject's mean over items was 2.93 of the maximum possible 4.0. So, subjects' responses 
on the four presentations can be said to have been consistent. 
The order of presentation of the four blocks did have a significant effect, but since 
subjects were consistent it is not likely that this is due to the order itself. It may 
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Table IT Relative frequencies of C l and С responses as a function of the voicing sta­
tus of the initial and final context. 
context 
n--
S--
--n 
--β 
+ 
41 5 58 5 
24 4 75 6 
35 6 64 5 
32 7 67 3 
C
2 
+ 
69 9 30 1 
73 0 27 0 
79 8 20 2 
63 1 36 9 
rather be ascribed to individual differences resulting from personal perceptual bias. 
A comparison of the responses given by the male and female subjects showed that sex 
of the listener did not affect perception (cf. Slis, 1986). The response patterns for 
male and female subjects were virtual ly the same ( χ 2 = 1.39, df=3, ns). 
3.4 Discussion 
The differences in the phonetic context (/n/ vs /s/) did not result in differences in 
the direct cues to the consonantal segments of the sequence. So this factor can be 
ruled out as a possible cause for the observed effect. Two explanations remain, which 
wi l l be considered below. 
First, if in production the 'degree of voicing' in the context (C and C () affects the 
production of the consonantal segments of the sequence (C and С ), a process of per­
ceptual compensation of coarticulatory effects of context as described by Mann & Repp 
(1980) may take place. Suppose that such a process did play a role in the present 
experiment. In our stimuli the segments corresponding to С and С were acoustically 
identical in both the voiced and the voiceless contexts. From our results, showing that 
in perception voiced contexts elicited more 'voiced' responses (and voiceless contexts 
more 'voiceless' responses), we would then have to conclude that the consonants of 
the sequence are produced in a more voiceless manner if the context is voiced (and in 
a more voiced manner if the context is voiceless). It is rather unl ikely that this is 
the case, particularly in view of the fact that such a differential production would 
have to be restricted to the syllable, at least for the type of st imuli we used. Such 
versatility of the production apparatus seems doubtful. However, the present data do 
not allow us to unequivocally exclude this explanation, so we plan to address the 
issue of phonetic context effects on assimilation of voice in a production experiment 
to be carried out in the near future. 
Second, the present results could be expained in the following way. Since С and С 
were either a clearly voiced /n/ or a clearly voiceless /s/, presence or absence of 
voice is readily detected. The direct acoustic cues to the С С sequence were the same 
in all four context conditions. So, the observed differences must result from some 
kind of interference in the phonological categorization of С and С from the contex-
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tuai consonants С and С This interference can conceivably take place on two differ­
ent levels If it occurs on the acoustic/phonetic level, the acoustic cue itself does 
interfere In that case, it is likely that consonants that occupy various positions on a 
continuous acoustic 'voice' scale will differentially affect perception of the С^С2 
sequence On the other hand, interference may take place on a phonological level, that 
is, after the value of the phonological feature [voice] for С and C, has been assessed. 
We then expect no effect of 'degree of voice' of the contextual consonants on the per­
ception of voicing in the C^C sequence. Research with stimuli differing in the degree 
of acoustic voicing in the context may throw light on this question. 
Another matter of interest is the domain over which phonetic context exerts its 
effect. From the present data one could be tempted to conclude that the effect is 
restricted to the domain of the syllable. However, this may have been an artifact of 
the type of stimuli we used. Mere proximity, either in the temporal domain (i.e. in 
ms) or m terms of phonemes, may also be the restricting factor for the phonetic con­
text effect. Research employing stimuli containing (phonologically) long and short 
vowels, or stimuli with other intervening consonants (e.g. liquids) is needed to address 
this proximity issue. The possibility of syllable-bound perception, which would lend 
support to the notion of the syllable as a perceptual unit (cf. Massaro & Cohen, 1983, 
p. 374), could be studied with stimuli in which the phonetic context differences occur 
in syllables other than the ones containing the С )С г sequence. Furthermore, from our 
data it appears that the phonetic context effect is bidirectional: С has a forward 
effect on the perception of С , and С a backward effect on the perception of С . 
However, in models of speech perception that are based on the notion of the syllable 
as a perceptual unit, the question of the forward and backward direction of the 
effect may not be relevant, at least not within the syllable. Again, studies employing 
stimuli with phonetic context differences occurring in other syllables than the ones 
containing the С С sequence may throw light on possible differences between the for­
ward and backward direction of the phonetic context effect. 
Note 1 
We used this rather liberal significance level, since χ* values are dependent on the 
number of observations, which was rather low for one subject. 
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Chapter 4 
The effect of varying 
voice and noise parameters 
on the perception of voicing 
in Dutch two-obstruent sequences * 
R.J.H. van den Berg 
*) Speech Comnmnication. 5(4): 355-367 (1986). 

4.0 Abstract 
The effects of voice onset time (VOX), voice tail (the time between oral closure and 
voice offset), duration and range of formant transitions, and frication noise intensity 
on the perception of voicing in Dutch two-obstruent sequences ( C , ^ ) were tested in 
four separate experiments, employing synthetic stimuli. The results showed that VOT 
and voice tail were strong cues, and that frication noise intensity was a weaker cue 
to the perception of voicing in С С sequences. Formant transitions did not have a sig­
nificant effect. Moreover, the VOT and voice tail data showed that cues from tempo­
rally rather distant portions of the acoustic signal are integrated into a perceptual 
unit, and that a particular cue has a similar effect on the perceived voicing status of 
both component consonants. 
4.1 Introduction 
This paper presents some experiments on the effect of different acoustic parameters on 
the perception of voicing in two-obstruent sequences (С С ) m Dutch. These experi­
ments are part of a series that is being conducted within a research project entitled 
'Perception of assimilation of voice'. 
In Dutch a final devoicing rule is operative, e.g. /bad/ -> /bat/, (bath). As a result 
no phonological voicing opposition exists word-finally, and words such as bod (bid) 
and bot (bone) are phonetically equivalent. As a further consequence, in two-obstruent 
sequences assimilation with respect to the feature [voice] can only occur if the second 
consonant is voiced as in wit boek (white book): Avit buk/ -> /wid buk/. The phe­
nomenon of assimilation has received a good deal of attention throughout the years. 
In earlier studies (for an overview of the literature see Slis, 1985) the description of 
assimilation of voice was mainly based on data that were obtained by linguists who 
scored instances of assimilation by ear, often after a single occurrence of the utterance 
in radio broadcasts, lectures, and so forth. On the basis of these observations, i.e. on 
the basis of perceptual judgements, the following phonological assimilation rules were 
formulated (Trommelen & Zonneveld, 1979; Booij, 1981): 
(1) If C2 is a plosive, regressive assimilation takes place, that is C, takes on the 
voicing status of С , and thus becomes voiced; this renders a sequence of two 
voiced consonants, e.g. /asbak/ -> /azbak/ (ashtray). 
(2) If С is a fricative, progressive assimilation is the rule, that is С
г
 adapts to C^ 
and becomes voiceless; the result is a sequence of two voiceless consonants, e.g. 
/hfzExa/ -> /afsE/a/ (cancel). 
Thus if two voiced consonants are perceived the sequence is said to be regressively 
assimilated, if two voiceless consonants are perceived the sequence is progressively 
assimilated, and if a voiceless C, followed by a voiced C2 are perceived the sequence 
is not assimilated. Note that the voiced Ci and voiceless C2 sequence is phonologically 
irregular in Dutch. 
- 47 -
In Crystal's (1980) definition, assimilation is 'the influence exercised by one sound 
segment upon the articulation of another, so that the sounds become more alike, or 
identical' (p. 35). According to this definition assimilation is essentially an articulatory 
phenomenon. Following this definition. Slis (1982) reasoned that a sound has assimilat­
ed to another sound if it is produced with the same setting of at least one articulato­
ry feature. So, in his view assimilation of voice refers to assimilation with respect to 
the articulatory feature voice That is, if in a two-obstruent sequence assimilation of 
voice takes place, the vocal fold setting during (part or all of) the production of one 
of the obstruents becomes similar to the vocal fold setting during the production of 
the other obstruent. 
This point of view served as the basis for a number of articulatory/acoustic measure­
ments relating to vocal fold behaviour during the production of two-obstruent 
sequences (Slis, 1982). Both the acoustic signal and the activity of the vocal folds 
were recorded. The moments of offset and onset of vocal fold vibration were related 
to the moments of oral closure and release. On the basis of criteria derived from mea­
surements of the vocal fold activity in word-final voiceless and word-initial voiced 
and voiceless consonants, it was assessed whether Ci and С were voiced or voiceless. 
Thus it was established whether the sequence was assimilated, and if so, whether the 
direction of assimilation was regressive (C l adapting to С resulting in two voiced 
consonants) or progressive (C adapting to C1 giving two voiceless consonants). 
Slis (1986) compared assimilation data obtained with his voice measurement method 
with perceptual voicing judgements of the same stimuli. He found that rule (2) above 
holds for both types of data. For obstruent-plosive sequences, however, far more 
regressively assimilated sequences (two voiced consonants) were perceived than would 
be justified by the articulatory/acoustic voice measurements. So, apparently, the 
acoustic correlate of vocal fold vibration is not the only cue in the speech signal on 
which voicing judgements are based. This is not surprising in view of the results 
obtained by SUs and Cohen (1969) for voiced and voiceless initial and intervocalic 
consonants in Dutch They found that phonological voicing has a number of acoustic 
correlates that are all perceptually relevant to a certain degree. (Because of final 
devoicing no voicing opposition exists for final consonants). 
Although the two obstruents in the sequence may be produced with different vocal 
fold settings, and thus are not assimilated with respect to the articulatory feature 
voice, they may have become more alike in one or more other aspects The acoustic 
correlates of these may be used by the listener as voicing cues, that is acoustic cues 
to the voicing status of the consonant in question. This may explain the discrepancy 
between the perceptual and the articulatory/acoustic data. 
To investigate whether the perception of voicing in two-obstruent sequences is affected 
by various acoustic cues, as was the perception of voicing in single consonants, a 
series of experiments was designed, some of which are presented below. The first 
three experiments that are reported here deal with acoustic parameters relating to 
voice, іг. voice onset time (VOT), voice tail or voice termination time (VTT), that is 
the period between oral closure and voice offset, and the duration and range of for­
mant transitions. The last exjsenment studies the effect of the intensity of the frica-
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tion noise. Effects of segmental durations, and the relations between these and the 
above mentioned parameters are also being studied, and will be reported on later. 
Of particular interest in the study of the perception of two-consonant sequences (Ο,Ορ 
is the question whether (and if so, in what way) a particular acoustic cue can affect 
the perception of both C, and C2. Let us consider, for example, the cue of voice onset 
time, the time between oral release and onset of vocal cord vibration. Since for single 
consonants this cue is defined in relation to the following vowel, it seems only natu­
ral to define VOX in two-consonant sequences in relation to С and the following 
vowel. In Ime with earlier results, VOX can be expected to have an effect on С per­
ception. But it may also contribute to C, perception and if it does, this may teach us 
something about the temporal domain over which voicing cues to a consonant can 
extend. With earlier VOX's the portion of the acoustic signal containing voice will be 
closer to the portion containing other perceptual cues to С , and with greater temporal 
proximity the respective cues stand a greater chance of becoming integrated into a per­
ceptual unit for С . If it were the case that a cue affects the perception of voicing 
of both C, and С , we hypothesize that its effect will be similar for the two conso­
nants. Xhis means that cue values that favour the perception of a voiced С will also 
favour the perception of a voiced С . 
Xhat voicing cues can be taken from temporally distant parts of the acoustic signal 
has been shown by Wingate (1982) Her stimuli consisted of cross-spliced versions of 
the three Amencan-bnglish utterances thai speech, that's peach, and that s beach. Xhe 
/p/ in peach contains aspiration, and this proved to be a very strong voicing cue, 
since it almost always led to p-petcepts. The /p/ in speech is unaspirated, the /b/ in 
beach is devoiced A comparison of the acoustic signals for that speech and that's 
beach showed that those parts that are generally taken to correspond to the labial 
stop consonant were quite similar. Voicing judgements for these stimuli were affected 
by the duration as well as the fncation noise intensity of the preceding /s/. A word-
initial /s/, like in speech, has a longer duration and a higher noise amplitude than 
the /s/ in that's beach. In the absence of the overriding cue of aspiration, these 
appeared to be used as voicing cues for the following stop consonant, longer durations 
and higher noise intensities in the /s/ leading to more ^judgements. 
Xhe hypothesis above states that a particular acoustic cue will have an identical 
effect on the phonological classification of both C, and С . Another possibility to be 
considered here is the type of contrasti ve effect as found by Repp (1978, 1983) for 
the place of articulation of two adjacent stop consonants. In Repp (1983) VC's from 
an /ad/-/ab/ continuum (generated by varying formant transitions) were followed by 
the endpomt CV's from a /de/Vbe/ continuum; and the CV's from the /dt/-/b£/ 
continuum were preceded by the endpomt VC's from the /ad/- /ab/ continuum. In 
both instances contrastive perceptual effects with respect to place of articulation were 
observed. Listeners tended to hear two nonhomorganic stop consonants. Xhat is, with a 
clear-cut /b / there was a /d/-bias in the responses to the other consonant, and vice 
versa. 
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Such a contrastive effect with respect to the feature 'voice' would result in a bias to 
perceive sequences consisting either of a voiceless C l and a voiced C2 (a nonassimilated 
sequence), or of a voiced С and a voiceless С (a phonologically irregular sequence). 
To summarize, the aim of the present research is two-fold. First, we want to estab­
lish the role of a number of acoustic parameters in the perception of voicing in 
Dutch two-obstruent sequences. And second, the question is addressed whether a par­
ticular cue has a similar effect on the perception of both consonants, or whether con­
trastive effects with respect to perceived voicing occur. 
4.2 General method 
To preclude effects arising from the phonetic context in which the consonants appear 
(van den Berg & Slis, 1985, 1987; Slis & van den Berg, 1986), the Ц С , sequences 
were embedded in VCCV-nonword frames, with a strict control on the vowels used. 
In testing the effects of the various parameters, synthetic stimuli were employed. 
These were generated by the speech-synthesis-by-rules system available at the Institute 
of Phonetics Nijmegen (Slis, 1978), which uses a sample rate of 10 kHz. This system 
allows for a fairly easy method of manipulating the parameter under investigation, 
and for a strict control on other parameters. The durations of consonantal and vocalic 
segments are controlled by the timing rules implemented in the system. These rules 
are based on extensive research on timing (e.g. Slis et al., 1977), and result in stimuli 
with a natural temporal structure. The system also allows for overruling these timing 
rules and setting segmental durations at self-chosen values. C, plosives were synthe­
sized without the release burst, since in informal listening we found good identifica­
tion of the consonant when synthesized without the burst, whereas inclusion of the 
burst tended to counteract the perception of assimilated sequences. 
Each stimulus was recorded on audiotape three times in succession, with a one-second 
interval between repetitions and an intertrial interval of five seconds, in which the 
responses were made. The subjects were asked to identify the sequence and indicate in 
a forced choice task what sequence they had heard. To this purpose the response 
alternatives were orthographically represented on the response sheets, for example 
iebde, iepde, iepte, and iebte (standing for /ibda/, /ipda/, /ipta/, and /ibta/. 
Instructions stressed that subjects were to identify the consonantal sounds and choose 
the response alternative which they thought appropriate. Subjects were tested individu­
ally in a sound-treated booth; they listened to the stimuli over headphones. In each 
experiment 12 subjects participated, who were paid for their services. Experimental 
trials were preceded by a practice series of ten stimuli to allow the subjects to get 
used to the material and the task. Informal interviews after the tests showed that 
none of the subjects had experienced difficulties in performing the task, and that they 
all judged the synthetic stimuli to be of a good quality. 
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4.3 Experiment 1: Voice onset time 
In perceptual experiments with single consonants VOT-values greater than or equal to 
zero led to voiceless judgements, negative VOT's to voiced responses (Slis & Cohen, 
1969). So the same results can be expected here with respect to С . In line with the 
reasoning above, early VOT's are expected to lead to a higher number of voiced C l 
responses. So, early VOT's will favour the perception of voiced-voiced sequences, late 
VOT's that of voiceless-voiceless sequences, and intermediate VOT's are expected to 
elicit voiceless-voiced responses. 
4.3.1 Method 
The effect of VOT was measured in 16 two-obstruent sequences, all possible combina­
tions of labial and alveolar obstruents: /p,t,f,s/ + /b,d,v,z/. Ideally the same V and 
V should be used with all sequences to form the V C C V non words. But since this 
would make the task a rather monotonous one, each sequence was synthesized with 
three different V 's, namely /ι/, /u/, and /a/. The second vowel always was /э/. 
Since for comparison's sake we opted for a uniform VOT continuum for all sequences, 
the durations of the segments representing the component consonants were both set at 
75 ms, counting the silent interval of plosives and the noise portion of fricatives. In 
plosive-plosive sequences the exact boundary was not acoustically represented because 
of the absence of the C l release burst. '1 he durations of both vowels were also kept 
constant (V^ 90 ms, V.,: 170 ms). hive VOT values were employed: -150, -75, -30, 
0, and +20 ms. Figure 1 gives a visual representation of the VOT values used. For 
fricatives VOT values are relative to the moment of fncation noise offset. There were 
80 stimuli, 16 sequences times 5 VOT's 
Three test tapes were prepared so that all tokens of one sequence/vowel combination 
occurred in the same test tape, for example, all five /ipda/ tokens (with 5 different 
VOT's) occurred in version 1, all five /upda/ tokens in version 2, and all five 
/apda/ tokens in version 3. The order of assignment to test versions of the three 
tokens of the sequences was systematically varied, so that about equal proportions of 
each vowel occurred in each version. 
The forced choice was between three response alternatives: voiced-voiced, voiceless-
voiced, and voiceless-voiceless. The exact procedure is described under general method. 
The twelve subjects were randomly assigned to three subgroups, each of which was 
presented with one of the three test versions. 
Cl C2 U UOT 
< 1 1 - ISO 
I < I - 7S 
I + ^ — ι - JO 
I i -» 0 
I + 1-^-- • 20 
Figure 1. Visual representation of the VOT values used. 
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43.2 Results 
Response categories were labelled (++) for voiced-voiced responses, (-+) for voiteless-
voiced responses, and (—) for voiceless-voiceless responses. For each of the 80 stimuli 
the frequencies of occurrence of the three response categories were assessed. The result­
ing matrix of frequencies was analyzed using Goodman's (1971, 1973) loglinear model. 
This model was specifically developed for frequency data with more than one inde­
pendent variable. The statistic employed is a multidimensional chi square. This same 
method was also employed in the data analysis of the subsequent experiments. 
The effect of VOT was highly significant: χ2= 246.23 (df=8, p<.00l). Table I lists the 
relative frequencies of the three response categories for the five VOT values. 
The interaction between VOT and sequence type was not significant. A breakdown 
of the data into four groups of sequences, homorganic and heterorganic obstruent-
plosives and obstruent-fricatives, showed that the VOT effect was significant (p<.001) 
for each of the four sequence types, as can be seen in Figure 2, which displays 
cumulative frequencies. 
ко QQQŒQQE сг ¡Щі 
-ISO - T S 
ìioalvm (hott) 
ιί 
™ 
UOT in me 
• »2> 
UOT in m» 
о *M 
UOT in M 
Hü (—) woicelaae- оісвівэв 
I I С—О uoicalass-uoicad 
BB (++) uoIced-uoI eed 
Figure 2. Varying voice onset time: cumulative percentages of responses for homorgan­
ic and heterorganic obstruent-plosives and obstruent-fricatives. 
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Table Γ Frequencies of responses to five VOI values (in %) 
VOT 
-150 
-75 
-30 
0 
+20 
+ + - + 
55 7 33 9 10 4 
39 6 46 4 14 1 
21 4 52 6 26 0 
13 5 29 7 56 8 
9 9 26 6 63 5 
For all sequence types the same general pattern in the response frequencies is 
observed. This pattern is in line with the predictions: early VOT's lead to a higher 
number of (++) responses, late VOT's favour (—) responses, and the highest frequencies 
of (-+) responses are observed for the intermediate VOT values of -75 and -40 ms. No 
difference exists between homorganic and heterorganic sequences. However, in general 
more voiced responses were given to obstruent-fricatives than to obstruent-plosives. In 
natural speech fricatives are generally longer than plosives. Since the durations of the 
synthesized consonants were kept constant, the fricative durations were relatively too 
short. This may have elicited a higher number of voiced responses, in line with the 
results obtained for single consonants (Slis & Cohen, 1969), where shorter durations 
also led to more voiced percepts. 
4.4 Experiment 2: Voice tail 
Offset of vocal fold vibration does not necessarily coincide with the moment of oral 
closure (Slis & Cohen, 1969, Docherty, 1985). The period of time between the moment 
of oral closure and the offset of vocal fold vibration is referred to as the voice tail 
(sometimes called voice termination time or VTT). In single consonants voice tails of 
about 30 ms or less gave rise to voiceless percepts, and longer voice tails led to 
voiced judgements (Slis & Cohen, 1969). The same results can be expected here with 
respect to C1 perception. So, longer voice tails will elicit more voiced С percepts. Rea­
soning along analogous lines as for VOT, we expect that longer voice tails will also 
lead to a higher number of voiced С percepts. So, long voice tails are expected to 
elicit voiced-voiced responses, short voice tails voiceless-voiceless responses, and interme­
diate voice tails will lead to voiced-voiceless percepts. However, this last category is a 
phonologically irregular sequence m Dutch, and phonological restrictions may bias the 
responses (see Massaro & Cohen, 1983). Therefore, we also expect a higher number of 
voiced-voiced and of voiceless-voiced percepts for intermediate voice tail values. 
4.4.1 Method 
The stimuli were the same as in Experiment 1, except of course for the parameter 
under investigation. Again three versions of the test were submitted to three sub­
groups of subjects. Five voice tail values were employed: 0, 40, 75, 110, and 150 ms. 
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ci сг τ·ιΐ 
« .( 1 о 
I ^- Η 1 40 
I >- 1 7 S 
I I ) 1 110 
I 1 > ISO 
Figure 3. Visual representation of the voice tail values used. 
See Figure 3 for a visual representation. 
Since this manipulation might well give rise to the perception of a voiced consonant 
followed by a voiceless one, the choice of response alternatives was extended with 
this phonologically irregular sequence. 
4.4.2 Results 
The response categories received the same labels as in Experiment 1, the voiced-
voiceless category receiving the label (+-). The effect of voice tail was highly signif­
icant: χ 2^ 451.16 (df=12, p<.OOl). Table II lists the relative frequencies of the four 
response categories for the five voice tail values. The interaction between voice tail 
and sequence type was not significant. A breakdo'wn of the data into the same four 
sequence types as in Experiment 1, showed that the voice tail effect was significant 
(p<.OOl) for each of the four sequence types. Figure 4 depicts cumulative frequencies 
for each of the four. 
Table П. Frequencies of responses to five voice tail values (in %). 
Tail 
0 
40 
75 
110 
150 
+ + 
3 1 
6 θ 
2Θ 6 
55 7 
62 5 
- + 
16 7 
24 5 
32 3 
32 3 
31 8 
--
66 1 
37 5 
14 1 
4 2 
2 6 
+ -
14 1 
31 3 
25 0 
7 θ 
3 1 
The same general pattern in response frequencies can be observed for all sequence 
types. Long voice tails lead to a higher number of (++) responses, short tails favour 
(—) judgements. The highest frequencies of (+-) responses are observed where they are 
expected, namely for the intermediate voice tail values of 40 and 75 ms, although the 
number of (++) and (-+) responses also increases for these steps in comparison with 
voice tail value 0 ms. Since the (+-) sequence is phonologically irregular in Dutch, 
the subjects (having perceived voicing) might have resorted to the (++) or the (-+) 
categories instead. So, apparently phonological restrictions (Massaro & Cohen, 1983) do 
affect perception. No difference exists between homorganic and heterorgamc sequences. 
As in Experiment 1, in general more voiced responses were given to obstruent-
fricatives than to obstruent-plosives, most likely due to the same cause. 
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¡2У ( + - ) u o l c e d - u o i с в і ээ 
111 ( — > u o l c e l e e e - u o l c e l e s s 
I I <-+) u o i c a l e a a - u o i c e d 
ЩЩ ( + • ) u o I c e d - u o I c e d 
Figure 4 Varying voice tail, cumulative percentages of responses for homorganic and 
heterorganic obstruent-plosives and obstruent-fricatives. 
4.5 Experiment 3: Formant transitions 
The effect of formant transitions on voicing perception has mainly been studied in 
single plosives in CV syllables. From these studies it appears that rapid transitions 
lead to voiceless and slow transitions to voiced judgements (e.g Delattre, 1962; Slis & 
Cohen, 1969) Furthermore, the transition range of Fl seems to play a role in the 
voiced voiceless distinction, a small range leading to voiceless, a wide range to voiced 
percepts (Cooper et al., 1962, Slis &. Cohen, 1969) The same effects can be expected 
for the perception of voicing in С С sequences, at least for the plosive-plosives. That 
is, the most favourable condition to the perception of voiced-voiced sequences in a 
V C ^ V context would be slow transitions with wide ranges in both the vowel-
consonant (VC ) and the consonant-vowel (C V) transitions. Fast transitions with 
small ranges would favour the perception of voiceless-voiceless sequences 
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" 4.5.1 Method 
The effect of formant transitions on the perception of voicing in С^С2 sequences was 
examined in the following plosive-plosives and fricative-plosives: /pd/, /tb/, /fd/, and 
/sb/, which were contained in VCCV nonwords in which both vowels were /a/. 
Apart from the first 10 ms of the C1 segment in which the amplitude of the period­
ic source dropped to zero, the consonant sequences were synthesized without periodici­
ty. Segmental durations were set at 60+65 ms for plosive-plosives, and 70+70 ms for 
fricative-plosives. According to informal listening, these durations, together with the 
absence of periodicity, resulted in sequences that were ambiguous as to the voicing 
status of their component consonants. 
Both the vowel-consonant (VC,) and the consonant-vowel (C2V) transitions of the first 
three formants (F , F , F ) were varied. This was achieved by setting the moment of 
onset of the formant transitions and the time within which the frequency shift takes 
place. In this way speed and range of the transitions could be controlled. For the VC, 
transitions the moment of onset was relative to the segmental boundary between the 
vowel and the consonant, that is the moment at which the periodic source amplitude 
started to drop to zero. For the С V transitions moment of onset was relative to the 
boundary between silent interval and release burst of the second consonant. Recall 
that only plosives occurred as С . 
The range of values that could be used was limited, since informal listening showed 
that long transitions soon led to the perception of glides, whereas short transitions 
resulted in the loss of the principal perceptual cue for the place of articulation of the 
plosives, particularly in plosive-plosives. Three types of VC, transitions and four types 
of C2V transitions were used. The three VC, transitions were (first value is moment 
of onset, second value is transition time): (-40,40), (-40,60), and (-20,40). The ampli­
tude of the periodic source decreased to zero in 10 ms, starting at the vowel-
consonant (VC,) boundary. This implied that the complete formant frequency shift is 
acoustically present for the first transition type (-40,40), and only part of it for the 
other two. Four types of C2V transitions were synthesized: (-10,95), (-10,75), (0,75), 
and (0,55). The first value again refers to moment of onset, the second to transition 
time. Since periodicity started at the boundary between silent interval and release 
burst of the C2 plosive, only part of the transition was acoustically present for the 
first two transition types (-10,95 and -10,75), and all of it for the other two types. 
Figure 5 depicts the various types of transitions used. 
Each of the three VC, formant transitions was combined with each of the four C2V 
formant transitions. The total number of stimuli was 48: 4 sequences times 12 transi­
tion types. Since it was expected that the manipulation might give rise to the percep­
tion of a voiced-voiceless sequence, four response categories were included as alterna­
tives in the forced choice task, (++), (-+), (—), and (-)-). 
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-«,и -а,« 
Cl 
С2 
υο I с 
ampi ι l u d e 
f u l l гапд 
smell range 
Figure 5. Vowel-consonant (VC,) and consonant-vowel (C V) formant transitions in 
relation to presence or absence of periodicity. The dotted parts of the transitions are 
not realized acoustically. Full range: all of the frequency shift is present in the 
acoustic signal; small range: only part of the shift is present. 
4.5.2 Results 
The analysis showed no significant effect: formant transitions appeared to have no 
influence on the perception of voicing in С С sequences: χ2= 31.10 (df=33, ns). 
The items wi th the longest transition times and the widest ranges in both VC ) and 
С V transitions were compared to those wi th the shortest times and smallest ranges. 
These two transition types were expected to be extremes in that the first type would 
be the most favourable one to the perception of voiced-voiced sequences, the second 
type to that of voiceless-voiceless sequences. However, no significant effect was found: 
χ
2
= 2.44 (df=3, ns). 
The interaction between VC and C2V transitions was not significant: χ
2
= 8.45 (df=18, 
ns), neither was the main eifect of C2V transitions: χ 2 = 7.54 (df=9, ns). VC, transi­
tions showed a significant effect: χ 2 = 16.09 (df=6, p<.05). But this was due to one 
sequence only, namely /pd/, for which the response pattern was not in line wi th 
w h a t one would have expected. 
4.6 Frication noise intensity 
Noise intensity variation in this experiment -was restricted to the second consonant, 
since С plosives consisted only of a silent interval, and hence contained no noise por­
tion the intensity of which could be varied. 
Ir single consonants higher noise levels caused more voiceless responses (Slis & Cohen, 
1969). The same results can be expected here w i t h respect to С . If С responses are 
also affected by the manipulation, this would be an indication that voicing cues can 
be dispersed in time. 
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4.6.1 Method 
The same VCCV nonwords as m Experiments 1 and 2 were used. However, the dura­
tion of the consonantal and vocalic segments was controlled by the timing rules of 
the system. The sequences were synthesized without periodicity. The intensity of the 
fncation noise in С (that is in the noise portion of fricatives and in the release 
burst of plosives) was varied in six steps by setting the amplitude of the noise 
source. In informal listening values were chosen so as to cover the whole of the per­
ceptual voiced-voiceless continuum without exceeding naturalness limits This resulted 
in different step sizes for plosives and fricatives. For С fricatives step size was 3 dB, 
for С plosives it was 6 dB. There were 96 stimuli (16 sequences times 6 noise lev­
els). As in Experiment 1 the forced choice was between three response alternatives: 
(++). (-+), (-). 
4.6.2 Results 
The effect of fncation noise intensity was significant: χ 2= 30.74 (df=10, p<.0l). Table 
III lists the relative frequencies of the response categories for the six noise levels. 
A breakdown of the data shows that no significant differences are observed for 
obstruent-fncatives (χ2= 10.05, df=10, ns), and that the effect is due only to the 
obstruent-plosive sequences (χ 2 - 28.63, df-10, p<.0l). A comparison of homorganic and 
heterorgamc sequences shows that no difference exists for obstruent-fricatives The dif­
ference between homorganic and heterorgamc obstruent-plosives was significant. Figure 
6 displays cumulative frequencies for the four sequence types. 
Table III. Frequencies of responses to six noise level values (in %). 
noise 
low 
high 
++ - + 
17 2 38 0 44 8 
15 6 39 6 44 8 
10 9 38 5 50 5 
7 8 39 6 52 6 
15 6 26 6 57 8 
9 9 27 6 62 5 
The only sequences for which fncation noise intensity exerted a significant effect, 
were the heterorgamc obstruent-plosives. The response pattern is in line with the 
expectations: with increasing noise intensity more voiceless-voiceless sequences are per­
ceived at the cost of voiced-voiced and voiceless-voiced percepts. 
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-> h i 0 i 
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Figure 6. Varying fncation noise intensity: cumulative percentages of responses for 
homorganic and heterorgamc obstruent-plosives and obstruent-fricatives. 
4.7 Discussion 
In this study we investigated the relevance of a number of acoustic parameters to the 
perception of voicing in C£2 sequences in Dutch. Not surprisingly, from the results of 
Experiments 1 and 2 (VOT and voice tail) it is clear that the presence or absence of 
voice is a strong cue. So, listeners do indeed rely heavily on this acoustic parameter 
for their voicing judgements. However, the discrepancy mentioned in the introduction 
(Slis, 1986) between the articulatory/acoustic voice measurements and the perceptual 
judgements of the same speech stimuli, strongly suggests that in the absence of clear 
cues with respect to the presence of voice, listeners make use of other acoustic cues. 
Two of these were investigated in this study: formant transitions and fncation noise 
intensity. 
The results of the formant transitions manipulation (Experiment 3) seem to indicate 
that this parameter is not of great importance for voicing judgements of С С 
sequences. This contrasts sharply with the results obtained for single consonants. The 
present result may have been due to the limited range of the transition times and 
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ranges that were employed. It remains therefore possible that more extreme values 
result in a significant effect. But, as noted before, the use of extreme values was 
problematic: too long transition times led to the perception of glides, whereas too 
short transition times resulted in the loss of the principal perceptual cue to the place 
of articulation. 
A small but significant effect was observed for the fncation noise intensity parame­
ter. The effect was stronger for obstruent-plosives than for obstruent-fricatives. This is 
not surprising in view of the step sizes involved: 6dB for plosives and 3 dB for 
fricatives. That the effect was rather small may have been caused by the setting of 
other acoustic parameters. The durations of the consonantal segments of the sequences 
were controlled by the timing rules of the synthesis system. As a result the durations 
were relatively too long to allow for the perception of voiced consonants. So, percep­
tion may have been biased towards the voiceless-voiced and voiceless-voiceless respon­
ses. The data appear to support this view: of the total number of responses 35.0% 
were within the (-+) and 52.2% within the (—) category. 
The data from the VOT and voice tail experiments show clear indications that voicing 
cues from temporally rather distant portions of the acoustic signal can be integrated 
into a perceptual unit. In the VOT experiment the temporal distance between the 
portion of the acoustic signal containing periodicity and the portion containing other 
acoustic cues for C, increases with later VOT's. Maximum proximity of these cues 
(VOT -150 ms) leads to 55.7% voiced С percepts. But even the presence of a stretch 
of voice during the last 30 ms of the sequence (VOT -30 ms) affects C1 voicing 
judgements: 7.9% more voiced C, percepts are reported for VOT -30 ms than for VOT 
0 ms. This difference was significant (p<.05). A comparison of these latter two con­
ditions shows that the percentage of voiced C
r
 percepts drops more drastically with 
30.8% (p<.00l). So, although we may conclude that voicing cues can be taken from 
temporally rather distant parts of the acoustic signal, the effect of presence or absence 
of periodicity is largely reduced 'with increasing distance. 
An analogous pattern is observed in the voice tail data. Comparison of voice tails 0 
and 40 ms shows that having a stretch of periodicity during the first 40 ms of the 
sequence results in a significant (p<.0l) increase of 11.5% in voiced С percepts. The 
increase in voiced C ) percepts amounts to 20.9% (p<.00l). So, again temporally rather 
distant cues appear to be integrated into a perceptual unit, and greater temporal prox­
imity of cues appears to favour this integration. 
The effect of a stretch of voice at the beginning of the sequence on Ci perception 
(voice tail data) is smaller than the effect of of a stretch of voice at the end of the 
sequence on С perception (VOT data): 20.9% versus 30.8%. This difference is due to a 
relatively small increase in (+-) responses for voice tail 40 ms. Since the voiced-
voiceless sequence is phonologically irregular in Dutch, phonological restrictions may 
have caused this reduced increase, biasing the responses towards voiceless-voiced 
instead: 7.8% more (-н) responses were given to stimuli with voice tail 40 ms than to 
those with voice tail 0 ms. 
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A contrastive effect wi th respect to perceived voicing would have manifested itself in 
a bias to perceive one consonant as more voiceless if the other is made to sound more 
voiced (or vice versa). The data appear to refute this hypothesis: if one of the conso­
nants is made to sound more voiced, the other is also judged as more voiced. For the 
contrastive effect wi th respect to perceived place of articulation of two adjacent stop 
consonants. Repp (1983) proposed an explanation in terms of integration of the percep­
tual cues of formant transitions and closure interval. For closure durations characteris­
tic of two non-homorganic stops the contrast effect was most pronounced. So, it 
appears that the duration of the С£2 sequence should be taken into account. The clo-
sure interval in assimilated sequences in Dutch (that is two voiced or two voiceless 
consonants) is in the range of about 120 to 180 ms, non-assimilated sequences (a 
voiceless consonant followed by a voiced one) are generally longer: about 180-250 ms 
(Slis, 1985). In the VOT and voice tail experiments the duration of the С С sequence 
was kept constant at 150 ms, so wi thin the range for assimilated sequences. This may 
explain w h y no contrastive effect wi th respect to perceived voicing was found. How­
ever, a different picture may arise if other closure intervals are employed. 
The effects of varying the duration of the C , ^ sequence, and that of the preceding 
vowel (cf. Repp & Williams, 1985) are also being studied, as well as possible trading 
relations between these durational variables and others such as the presence of voice. 
In this way we hope to gain knowledge about w h a t acoustic parameters are relevant 
to the perception of voicing in C^Cj sequences, and to find an answer to the question 
of the discrepancy between the articulatory/acoustic measurements on assimilation of 
voice and the perception of voicing in Dutch two-obstruent sequences. 
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Chapter 5 
Effects of durational factors 
on the perception of voicing 
in Dutch two-obstruent sequences * 
R.J.H. van den Berg 
·) Journal of Phonetics, 15(3): 259-271 (1987). 

S.O Abstract 
The perception of voicing in Dutch two-obstruent sequences (0,0 ) was studied as a 
function of the durations of the two 'consonants', i.e. the duration of the closure/ 
stricture phase. In a second experiment the effect of 'preceding vowel' duration, that 
is the duration of the 'vowel' resonance, was investigated. Both experiments employed 
synthetic nonword stimuli of the type VCCV, m which both 'consonants' were syn­
thesized without periodicity. The results indicate that the duration of the first 'con­
sonant' (C,) does not affect perception. Longer 'C2'-durations led to more [-voice] per­
cepts for С , resulting in a shift in the responses from voiced-voiced and 
voiceless-voiced to voiced-voiceless and voiceless-voiceless. 'Preceding vowel' duration 
affected the perception of C,, not that of С . Longer 'vowel' durations gave rise to 
more [+voice] percepts for С, thus causing a shift in the responses from voiceless-
voiceless and voiceless-voiced to voiced-voiceless and voiced-voiced. 
S.l Introduction 
Because of the final devoicing rule operative in Dutch word-final consonants are 
always phonologically voiceless, e.g. goed (good): /χυο/ > / Xut/. As this rule is 
applied before the assimilation rules, assimilation with respect to the voicing status of 
the obstruents can only take place if the following consonant is phonologically voiced. 
The result is two voiced or two voiceles consonants, depending on the direction of 
assimilation: regressive if the second consonant (C ) is a plosive, e.g. goed boek (good 
book): /xut buk/ -> /χΗΟ buk/, and progressive if Cj is a fricative, e.g. wti zand 
(white sand)· /wi t zant/ -> /wi t sant/. This type of assimilation, which may occur 
word-internally in compounds as well as across word boundaries, has received consid­
erable attention throughout the years. So far, the aim of the research into assimilation 
has been to discover regularities, either linguistic or extralinguistic, in the occurrences 
of assimilation 
In general, assimilation is 'becoming alike'. A becoming alike of two consonants with 
respect to the feature 'voice' may be established perceptually (i.e. by ear) or by means 
of articulatory measurements. As assimilation is an articulatory phenomenon (Crystal, 
1980) the latter method gives more direct information on assimilation. On the other 
hand, whenever researchers make inferences on the basis of perceptual judgements, 
they appear to be implicitly assuming that the perceived voicing status of a consonant 
is a reflection of its articulatory status. 
If one hears two voiced (or two voiceless) consonants, the two did become (more) 
alike in perception, but this does not necessarily give information on what happened 
m articulation. If one of the consonants is being articulated with a similar setting of 
the articulatory feature [voice] (that is vocal fold vibration) as the other consonant, 
they did become (more) alike in articulation. These two methodologically different 
approaches have both been applied in research into assimilation. 
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In older days, articulatory data were not readily available because of the technological 
state of affairs. So, in the more traditional approach, the method used by the investi-
gators was to listen to utterances and to note down cases of assimilation. The deci-
sions about the voicing status of the consonants were made on the basis of what one 
heard. However, in most studies it remains unclear whether the researcher was listen-
ing phonologically or phonetically. If one listens to speech phonologically, as the naive 
listener does, the perception of voicing is the perception of phonological voicing, and 
the data thus obtained are phonological classifications. If, on the other hand, one lis-
tens phonetically, as phoneticians or subjects in a psychoacoustic experiment do, one is 
paying attention to acoustic cues relevant to the distinction under investigation. One 
such cue relevant to the phonological voicing distinction is the presence of audible 
vocal fold activity. 
The choice of terms in the description of assimilation in most of the early reports 
strongly suggests that the researcher made phonological classifications in describing the 
speech to which he was listening. Also, the data were often obtained from utterances 
that could be listened to only once, e.g. radio broadcasts, and they were more often 
than not based on the judgement of one perceiver only, the researcher. It seems 
unlikely that in such a situation perception of voicing can be anything else than per-
ception of phonological voicing. Moreover, Meinsma (1958) has already pointed out 
that both this experimental procedure and a possible researcher's perceptual bias did 
not guarantee reliable data. 
A notable exception is the study by Van Rijnbach & Kramer (1939). Repeated listen-
ing by both researchers to the recorded speech utterances and the inspection of oscillo-
grams in cases of doubt, as well as the use of degrees of assimilation depending on 
'the strength of the influence', suggest that their listening was indeed phonetic, i.e. 
that they were paying attention to acoustic cues. 
With the possible exception of this last study, most of the perceptual data on assimi-
lation seem to be phonological classifications. Moreover, the researchers of assimilation 
seem to implicitly take it for granted that if they perceived a (phonologically) voiced 
(or voiceless) consonant, the consonant was produced with (or without) phonetic voice. 
However, it is well-known that the perception of voicing does not only depend on 
the auditorily detectable presence or absence of vocal fold vibrations. Other acoustic 
parameters, such as durational factors, also play a role, so that even more careful 
researchers (the phonetic listeners) may have based their judgements on these other 
cues too. Nevertheless, even nowadays, with more sophisticated research methods being 
available for the collection of perceptual and articulatory data, some researchers of 
assimilation, in particular phonologists, view the new empirical evidence as 'not 
always what it looks like' or 'not very interesting' (Zonneveld, 1983), and persist in 
basing their research on what is termed - m such a conveniently vague way - 'obser-
vations'. 
Adhering to Crystal's (1980) definition of assimilation as an essentially articulatory 
phenomenon. Slis (1982) took the methodological consequences of this view and per-
formed articulatory/acoustic voice measurements, recording the vocal fold activity dur-
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ing the production of the two-obstruent sequences. Decisions on the voicing status of 
the consonants were made by relating the measurements to those obtained for single 
voiced and voiceless consonants. Shs (1982) argued that Crystal's definition entailed 
that a consonant has assimilated to another consonant if it is produced with a similar 
setting of at least one articulatory feature (which is also phonologically relevant). 
Vocal fold vibration being such a feature, assimilation of voice is said to have 
occurred if both consonants are produced with vibrating (or both with non-vibrating) 
vocal folds. Thus, the assimilation data m this research are articulatory/acoustic in 
nature. 
The difference in the two approaches may be nicely reflected in the terminology. For 
articulatory data the term assimitoion of voice, i.e. of the articulatory feature [voice], 
seems to be appropriate. If perceptual data, that is phonological classifications, are con-
sidered, we may speak of voicing asnmUation, because (phonological) voicing is what is 
perceived. However, I would prefer to reserve the term 'assimilation' for production 
data in order to minimize any chance of confusion. For perceptual data the term voic-
ing in two-obstruent sequences may be used instead. 
Bringing the two approaches together, Shs (1986) made a direct comparison of 
articulatory/acoustic voice measurements and perceptual voicing judgements, using a 
number of speakers as well as listeners. It appeared that there was no one-to-one 
relationship between these two types of data, the voicing status assigned to the 
obstruents on the basis of the presence or absence of vocal fold vibration was not an 
adequate predictor of the voicing judgements obtained. It would seem therefore, that 
judgements of the (phonological) voicing status of the consonants in a two-obstruent 
sequence are not made solely on the basis of the acoustic correlate of the absence or 
presence of vocal fold vibration, but that other acoustic cues play a role as well. 
After all, voicing judgements of single consonants are also affected by a host of cues 
(see e.g. Lisker, 1978). 
An objection that may be raised against the method employed by Shs (1982, 1986) is 
that the assignment of consonants to either the voiced or the voiceless category is 
based on one articulatory criterion only: the presence or absence of phonetic voice 
activity. It may well be that the two consonants are articulated with different vocal 
fold settings (and are therefore considered as a non-assimilated sequence according to 
Slis's criterion), but that the articulation of one consonant has become more like that 
of the other in some other aspect(s). The acoustic consequences of this may then 
trigger the perception of two (phonologically) voiced (or voiceless) consonants. 
The phonological assimilation rules in Dutch are based on perceptual data. These rules 
may correctly describe what is going on at the articulatory level, i.e. the researchers 
who formulated the rules may have been able to distinguish the acoustic correlate of 
presence or absence of vocal fold vibration from other acoustic cues. On the other 
hand, these other cues may also have guided (or perhaps misguided) their voicing 
judgements. Therefore, it is of importance to study the relation between the acoustic 
signal on the one hand and the perception of voicing in two-obstruent sequences on 
- 67 -
the other hand The issue of what acoustic parameters affect the perception of voicing 
in two-obstruent sequences (C^Cj is addressed in a series of experiments, employing 
synthetic speech stimuli. Among the parameters investigated are presence and absence 
of periodicity during (part of) the 'consonants', fncation noise intensity, and formant 
transitions (see van den Berg, 1986). This paper presents the results relating to dura­
tional variables. The effects of manipulating the durations of the two 'consonants' (i.e. 
the durations of the silent interval in the case of plosives and of the noise portion in 
the case of fricatives) and the duration of the 'vowel' preceding the sequence (i.e. the 
duration of the 'vowel' resonance) were investigated in two separate experiments. 
These durational variables were expected to affect the perception of voicing, because 
they also showed an effect with single consonants. For plosives, the general finding is 
that, with no phonetic voice activity occurring during the closure, shorter closure 
durations favour voiced percepts (Lisker, 1957, 1981; Slis & Cohen, 1969; Port, 1979; 
Raphael, 1981). For fricatives, shorter durations of fncation noise favour voiced per­
cepts (Denes, 1955; Cole & Cooper, 1975; van den Broecke & van Heu ven, 1979; Derr 
& Massaro, 1980). As for the 'preceding vowel', longer durations lead to a higher 
number of [+voice] responses (Slis & Cohen, 1969, Raphael, 1972; Wolf, 1978; Repp & 
Williams, 1985). 
Similar effects are predicted here. Therefore, if both 'consonants' have a short dura­
tion, the highest number of voiced-voiced responses is expected, whereas long closure 
durations for both С and С would favour the perception of voiceless-voiceless 
sequences A long Ct-closure with a short С -closure is expected to lead to more 
voiceless-voiced percepts, and a short 'C ' with a long 'C ' to voiced-voiceless percepts. 
As for the 'preceding vowel', longer durations are expected to favour perception of C) 
as voiced. The effect on С perception is expected to be rather limited, if present at 
all: Repp & Williams (1985, Note 3) obtained some evidence that the perception of 
voicing in С was not affected by 'preceding vowel' duration. 
5.2 C1 and C, closure durations 
5.2.1 Method 
The effects were studied in synthetic speech stimuli. These stimuli were synthesized 
by means of a "speech synthesis by rules" system. An input string consisting of 
phoneme labels and prosodie condition signs is transformed into a string of labels 
indicating successive segments. Parameter values for each segment are read from a 
table that contains target values and timing data for each parameter (a 'phoneme' rep­
resentation). These values are then adapted for context and prosodie conditions by 
using a set of synthesis rules (into an 'allophone' representation). Subsequently, these 
adapted parameter values for segments of allophone size are converted to parameter 
values for segments of pitch period size, which are used as input for the calculation 
of the synthetic speech signal. The program also allows the user to set parameters at 
self-chosen values. For segments of allophone size the adapted values are overwritten 
by values chosen by the user. 
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5.2.1.1 Speech material 
The C 1 C 2 sequences were part of VCCV non-words in which both vowels were /a/. 
As both C, and С closure durations were varied, it seemed advisable to have a clear 
acoustic boundary between the two obstruents. Therefore, only combinations of a plo­
sive and a fricative were included: /fd, sb, pz, tv/. In the description of the C C 
sequences a voiced plus voiceless consonant was used, because these were the phoneme 
labels used in the input string. By setting the amplitude of the periodic source to zero 
both consonantal segments were synthesized wi thout periodicity. The durations of the 
two 'vowels' were kept constant: 90 ms for the preceding and 160 ms for the fol­
lowing 'vowel'. For both C t and С closure, duration was varied in 5 steps wi th an 
increment of 15 ms, starting at 45 ms. The total duration of the sequence was limit­
ed to a maximum of 150 ms. This resulted in the following 15 combinations of dura­
tions (C, and С closure durations, respectively): 
45-45 4 5 - 6 0 45-75 45-90 45-105 
60-45 6 0 - 6 0 6 0 - 7 5 60-90 
75-45 75-60 75-75 
90-45 9 0 - 6 0 
105-45 
For plosives these durations apply to the silent interval, for fricatives to the noise 
portion. All st imuli were synthesized under two stress conditions: stress was on the 
first or second syllable. The other syllable was unstressed. Stress was synthesized by 
means of a prominence-lending rise and fall of F The total number of stimuli was 4 
(sequences) χ 15 (durations) χ 2 (stress patterns) = 120. 
5.2.1.2 Procedure 
The stimuli were recorded onto audiotape in random order. Each stimulus was record­
ed 3 times in succession wi th a 1-s. interval between repetitions. The mtertr ia l inter­
val was 5 s., during which the subjects made their response. Twenty subjects (10 
male and 10 female students, aged 19-28) participated and were paid for their servi­
ces. Half of them heard the stimuli in the original random order, the other half first 
received the second block of 60, then the first block of 60 of the original random 
order. The experimental stimuli were preceded by 10 practice items to allow the sub­
jects to get used to the synthetic speech and to the task. The subjects were tested 
individually. They were seated in a sound-treated booth and listened to the stimuli 
over headphones. Instructions stressed that they listen to all three repetitions and 
identify the consonantal sounds before making their response. The task was a forced-
choice task wi th four response alternatives: voiced-voiced, voiceless-voiced, voiceless-
voiceless, and voiced-voiceless. Subjects indicated their response on a sheet on which 
the four alternatives were given in the following format. 
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avda afda afta avta 
Although the voiced-voiceless sequence is phonologically inadmissible in Dutch, it was 
nevertheless included as a response category, because in earlier experiments in which 
this response alternative was absent, subjects had expressed their need for it. 
Experimental sessions lasted about 30 mm. Informal interviews afterwards showed 
that none of the subjects had experienced difficulties in performing the task and that 
all judged the synthetic speech to be of good quality. 
5.2.2 Results 
The response categories were labelled (++) for voiced-voiced responses, (-+) for 
voiceless-voiced, (--) for voiceless-voiceless, and (+-) for voiced-voiceless responses. For 
each of the 120 stimuli, the frequencies of occurrence of the four response categories 
were assessed. The resulting matrix of frequency data was analysed according to 
Goodman's (1971, 1973) loglinear model. This model was specifically developed for 
frequency data with more than one independent variable. The statistic employed is a 
multidimensional χ2. The dependent variable is the response category, the independent 
variables are sequence type, stress pattern, and duration. 
The analysis showed that the three-way interaction duration χ stress pattern χ 
sequence type was not significant (χ2= 80.39, df=126). The two-way interactions 
duration χ stress pattern (χ2= 31.71, df=42) and duration χ sequence type (χ2= 121.46, 
df=126) did not reach significance either. Because this indicates that duration had a 
similar effect for the various sequence types and both stress pattern conditions, the 
data were pooled over these conditions for the presentation of the results pertaining to 
the duration variation. The main effect of duration was highly significant: χ2= 
154.08, df=42, p<0.001. The results of C1 duration and C2 duration will be presented 
separately. First, the effect of С duration on the frequency distribution over the four 
response categories will be considered, and secondly the effect of C1 duration on just 
the C ) responses, and just the С responses. Next, the effect of C2 duration on the 
same three dependent variables will be presented. 
Figure 1 shows plots the relative frequencies of the four response categories as a 
function of C2 duration. C1 duration is the curve parameter. For a C, of 45 ms, C2 
duration ranges from 45 to 105 ms, which gives 5 points on each graph; for a C, of 
60 ms, С duration ranges from 45 to 90 ms, giving four points; and so on. Similar 
plots could be obtained of the relative frequencies of the response categories as a 
function of C ) duration with С duration as the curve parameter. 
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Figure 1. Frequencies of the four response categories (in percentages) as a function of 
С duration, (^-duration is the curve parameter. 
5.2.2.1 ' C / duration 
The effect of С duration on the frequency distribution over the four response cate­
gories was tested for the different levels of C 2 duration (45, 60, 75, 90 ms) separate­
ly, using a χ2. In none of these tests did C, duration have a significant effect. (As 
there is only one data point for a C 2 of 105 ms (viz. C= 45 ms), the effect of C, 
duration cannot be tested for this level of C 2 duration.) 
The frequency distribution of the responses ([+voice] or [-voice]) to C,, independent of 
the response given to С , was calculated by adding the frequencies of the (++) and 
(+-) categories to obtain the number of [+voice] responses to C,, and by adding the 
frequencies of the (-+) and (--) response categories to obtain the number of [-voice] 
responses to С . Likewise, the distribution of C 2 responses was derived from the origi-
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nal four response categories by adding the frequencies of (++) and (-+), and those of 
(—) and (+-), giving the number of [+voice] and [-voice] responses to C2, respectively. 
For the different levels of С -duration, the effect of (^-duration on the frequency 
distribution of Cj responses and on that of C2 responses was tested by a χ2. Again 
none of these tests were significant. 
5.2.2.2 'C2' duration 
The effect of C2 duration on the frequency distribution over the four response cate­
gories was tested for the different levels of C, duration (45, 60, 75, 90 ms) separate­
ly, using a χ2. (For a C ) of 105 ms there is only data point (viz. C2= 45 ms), and 
consequently the effect of C2 duration cannot be tested for this level of the Ci dura­
tion variable.) C2 duration had a highly significant effect (p<0.00l) in the C= 45, 60, 
and 75 ms conditions. In the С =90 ms condition the effect was not significant. 
The effect of С duration on the frequency distribution of С responses, and on that 
of C2 responses, was also tested. C2 duration did not significantly affect the distribu­
tion of С responses for any of the levels of the С -duration variable However, 
again apart from the C= 90 ms condition, C2 duration significantly affected C2 
responses (p<0.00l). 
The results indicate that C, duration is in no way related to the distribution of 
responses over the four response categories (++), (-+), (—), and (+-). Neither is it relat­
ed to the distribution of С responses, nor to that of С responses. С duration, on the 
other hand, strongly affects the frequencies of the four response categories. The direc­
tion of the shift in the responses is as was predicted: with longer С durations the 
number of (++) and (-+) responses decreases, and the number of (+-) and (--) responses 
increases. This effect is due to the strong relationship between C2 duration and C2 
responses: these shift from [+voice] to [-voice] with increasing C2 duration. This pat­
tern was also manifest in the correlation coefficients, which showed that C2 duration 
is significantly correlated with the frequencies of the (++), (-+), (—), and (+-) response 
categories, and with the frequency of [+voice] responses to C2, but not to that of 
[+voice] responses to С . The non-effect of С duration is reflected in the fact that 
C, duration does not significantly correlate with the frequencies of any of the 
response categories, except for the (-+) responses. 
5.2.2.3 Position of stress 
The interaction stress pattern χ sequence type was not significant (χ2= 11.99, df=9). 
However, the main effect of stress pattern was: χ 2 = 11.14, df=3, p<0.05. With stress 
on the first syllable more (++) and fewer (—) responses were given than with stress 
on the second syllable. 
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5.2.2.4 Phoneme sequence 
The effect of sequence type (fricative-plosive vs plosive-fricative) was highly signifi­
cant: χ?= 249.56, df=3, p<0.001. Table 1 lists the relative frequencies of the response 
categories for the two sequence types. More (-+) and fewer (++) and (+-) responses 
were given to fricative-plosives than to plosive-fricatives. If we consider С responses 
only, more [-fvoice] percepts are reported if С is a plosive than if it is a fricative. 
The same picture appears if we consider С responses only: more [+voice] responses are 
given if С is a plosive than if it is a fricative. Possibly, a period of silence with a 
duration within the range employed here is more likely to cue a voiced percept than 
a period of noise of the same duration. Alternatively, the setting of other parameters 
may have biased the responses. 
Table I Response frequencies for two sequence types (in %). 
seq type 
f n c - p l o s 
p l o s - f r i e 
( • + > ( - + ) ( - - ) ( + - ) 
13 5 56 8 22 9 6 8 
28 3 26 1 23 2 22 5 
5.3 Duration of the 'preceding vowel' 
5.3.1 Method 
The effect of the duration of the 'preceding vowel' was also tested m VCCV non-
words All heterorganic combinations of labial and alveolar obstruents were included 
as test sequences: /pd, tb, fd, sb, pz, tv, fz, sv/. Both vowels were either (phonologi­
cally long) / / o r (phonologically short) / /. These two vowels with different 
intrinsic durations were included to test the possibility of a differential effect of 
'vowel' duration for vowels that differ in phonological length. The same 'preceding 
vowel' duration may be perceived as longer if the vowel is / / than if it is / /. 
This may then lead to more [+voice] percepts for C l (and possibly for С ) if the 
vowel is / /. 
The stimuli were generated with the same system as described above. The description 
of the sequences as a voiceless plus voiced consonant refers to the phoneme labels 
used in the input string for the synthesis system. Both consonantal segments were 
synthesized without periodicity by setting the amplitude of the periodic source to zero. 
The durations of the consonantal segments were kept constant (125 ms for plosive-
plosives and 70+70 ms for all other sequences). For plosives these durations apply to 
the silent interval, and for fricatives they apply to the noise portion. The duration of 
the following 'vowel' was set at 160 ms. Again, the stimuli were synthesized under 
two stress conditions: stress on the first or on the second syllable. These two condi­
tions will be referred to as stress 1 and stress 2. In order to avoid extremely long 
durations in an unstressed syllable, and extremely short durations in a stressed sylla-
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ble, the duration values for the 'preceding vowel' were different m the two stress 
conditions. In the stress-l condition, 'vowel' duration varied in three steps with a 50% 
increment: 80, 120, and 180 ms. In the stress-2 condition, the durations used were 
55, 80, and 120 ms, with a step increment of roughly 50% The total number of 
stimuli was 8 (sequences) χ 2 (vowels) χ 2 (stress patterns) χ 3 (durations) = 96. 
The procedure was as described above. Twelve paid subjects participated (6 male and 
6 female students, aged 20-26). Half of them heard the stimuli in the original ran­
dom order, the other half first received the second block of 48, then the first block 
of 48 of the original random order. Instructions and task were the same as above. 
Experimental sessions lasted about 25 mm. 
5.3.2 Results 
The data were analyzed using the same procedure. Because the 'preceding vowel' dura­
tion variation differed for the two stress conditions, the data were analyzed separately 
for each stress condition. 
5.3.2.1 'Vowel' duration under stress 1 
In the stress-l condition the three-way interaction duration χ vowel type χ sequence 
type was not significant (.χ7= 25.19, df=42). The two-way interactions duration χ 
vowel type (χ 2= 8.87, df-6) and duration χ sequence type (χ2= 23.95, df=42) were 
not significant either. This means that for both vowels and for the various sequence 
types, duration had a similar effect on the frequency distribution over the four 
response categories. Therefore, the data were pooled over these conditions for the pre­
sentation of the duration results. Table II lists the relative frequencies of the four 
response categories, and of [+voice] responses to C1 and С . 
Table П: Response frequencies for three preceding vowel durations (in %). 
stress-l 
80 ms 
120 ms 
180 шв 
strees-2 
55 шв 
80 ms 
120 шв 
(
 + +
 )
 (. + ) (..) ( + _) £;,= ( + ) C2=(0 
10 4 31 8 38 0 19 8 30 2 42 2 
17 7 30 2 31 3 20 8 38 5 47 9 
26 6 22 4 27 6 23 4 50 0 49 0 
(• + ) (- + ) (--) ( + -) (!,= (•) С
г
=( + ) 
12 5 27 6 45 3 14 6 27 1 40 1 
10 4 28 6 42 2 18 8 29 2 39 1 
15 6 29 2 31 3 24 0 39 6 44 8 
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The effect of 'preceding vowel' duration on the frequenc> distribution over the four 
response categories ivas significant: χ7- 21 25, df=6, p<0.001 Increasing duration gave 
more (++) and (+-) responses, and fewer (-+) and (--) responses This is due to a sig­
nificant (χ2= 15.82, df=2, p<0.00l) increase in [+voice] responses to С . Although long­
er durations also elicited more [+voice] responses to С , the increase is not significant. 
5.3.2.2 'Vowel' duration under stress 2 
In the stress 2 condition, the three-way interaction duration χ vowel type χ sequence 
type was also not significant (χ2= 21.35, df=42), neither were the interactions dura­
tion χ vowel type (.χ2= 4.16, df=6) and duration χ sequence type (χ2= 22.49, df=42). 
Again this signifies that, for both vowels and all sequence types, duration had a sim­
ilar effect on the frequency distribution over the four response categories; these data 
were therefore also pooled over vowels and sequences (see Table II). 
The effect of 'preceding vowel' duration on the frequency distribution over the four 
response categories was not significant: χ2» 11 90, df=6. However, if only C1 respon­
ses are considered, longer durations led to significantly more f+voice] C, percepts (χ2= 
7.76, df=2, p<0.05). The increase in [+voice] С responses was not significant. 
5.3.2.3 Phonological length of vowel 
In both stress conditions 'preceding vowel' duration did not interact with vowel type: 
X2= 8.87, df=42 in the stress 1, and χ2= 4.16, df=42 in the stress 2 condition. This 
seems to signify that 'vowel' duration is not evaluated differently for the phonologi­
cally long /a:/ and the phonologically short /ε/. However, 'vowel' duration mainly 
affected the perception of C^ Therefore, the interaction duration χ vowel type was 
also tested with C, responses as the dependent variable. Table III gives the relative 
frequencies of [+voice] responses to С for both vowels and both stress conditions 
Table Ш Frequencies of [+voice] responses to С as a function of stress position and 
vowel type (in %). 
stress on 1st syll 
duration 
80 ms 
120 ms 
180 ms 
/a:/ /ε/ 
33 3 27 1 
30 2 46 9 
41 7 58 3 
stress on 2nd syll 
duration 
55 ms 
80 ms 
120 ms 
/a:/ /ε/ 
30 2 24 0 
30 2 28 1 
36 5 42 7 
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In the stress 1 condition the interaction was significant χ 2 = 6.78, df-2, p<0.05. The 
effect was in the predicted direction. With increasing 'vowel' duration, the number 
of [+voice] responses to C1 increased more rapidly if the vowel was /ε/ than if it 
was /a : /. Although the same trend in the C l responses could be observed in the 
stress 2 condition, the difference between /ε/ and /a:/ was not significant. 
5.3.2.4 Phoneme sequence 
The main effect of sequence type was significant: χ 2 - 88.17, df=21, p<0.001 for the 
stress 1, and χ 2 = 129.86, df=-21, p<0.001 for the stress 2 condition. The effect was 
similar for both stress conditions: no difference was observed between obstruent-
plosives and obstruent-fricatives, but there 'was a significant difference (χ2·= 140.05, 
df=3, p<0.00l) between plosive-obstruents and fricative-obstruents. This difference man­
ifested itself in the responses to C ) (χ2= 140.04, df=l, p<0.00l) rather than in the 
responses to C2 (χ 2 - 2.57, df=l, n.s.). The relative frequencies of the response cate­
gories for the four sequence types are given in Table IV. If С is a plosive more 
[+voice] C1 responses are obtained than if it is a fricative. 
Table IV: Response frequencies for different sequence types (in %). 
seq type 
obstr-ploB 
obstr-frie 
plos-obetr 
fric-obstr 
(••) (-) (--) (+-) <:,-(•) c2=(0 
16 3 28 3 33 7 21 7 38 0 44 6 
14 8 28 3 38 2 18 8 33 5 43 1 
23 1 23 1 24 7 29 2 52 3 46 2 
8 0 33 5 47 2 11 3 19 3 41 5 
5.4 Discussion 
The results from the experiment on the closure durations of C1 and C2 showed that 
С duration affected С perception in that longer durations led to more [-voice] per­
cepts for C2, as was expected. No effect of C2 duration on C1 perception was 
observed. Evidently, С duration did not act as a cue to C, perception, not even in an 
experimental situation such as the one employed here, i.e. one which prompted the 
subjects for a response to both consonants at the same time. In view of this, the non-
effect of C, duration on С perception is not unexpected C, perception was not 
affected by C^duration either. 
This non-result, with respect to С duration, seems to indicate that closure duration 
does not have cue value for the perception of voicing in С . This is in line with 
results obtained by Raphael (1981) which showed that closure duration was a weak 
cue m final consonants. Repp & Williams (1985) also reported a weak effect of C1 
closure duration. 
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If Cl closure duration is indeed an unimportant parameter, the fact that closure dura­
tion does cue the voiced-voiceless distinction in medial consonants (rapid-rabid) may 
then be interpreted as evidence that the consonant belongs to the second syllable, 
rather than to the first. 
It is also possible that the phonology of Dutch plays a role here. As mentioned 
before, the voiced-voiceless sequence is phonologically inadmissible. Phonological restric­
tions (Massaro & Cohen, 1983) may have biased against the (+-) category, thus possi­
bly affecting the distribution of C ) responses. However, while this explanation cannot 
be unequivocally rejected, I do feel that it is highly unlikely that an effect of 
phonological restrictions is large enough to counteract an effect of acoustic duration. 
In Experiment I the effect of stress manifested itself in that more (++) and fewer 
(--) responses were given if stress was on the first syllable than if it was on the 
second. Slis (1986) investigated the effect of position of stress on assimilation. His 
articulatory/acoustic measurements of production data showed that stress on the first 
syllable favoured progressive assimilation, resulting in two voiceless consonants (—), 
and that stress on the second syllable favoured regressive assimilation, giving two 
voiced consonants (++). The reversed response pattern in perception that is found here, 
points to a process of perceptual compensation (Mann & Repp, 1980). Listeners use 
their tacit knowledge of how speech sounds are produced to compensate for articulato-
ry differences and to thus arrive at the same percept. So, if one perceives stress on 
the first syllable, the compensatory mechanism will shift the percept from voiceless-
voiceless to voiceless-voiced or even voiced-voiced. For stress on the second syllable the 
shift will be reversed. If this mechanism is applied to stimuli that do not differ in 
phonetic voice activity during the consonantal sequence, as in the stimuli used here, 
the result will be a response pattern as was found: more (++) responses for stress on 
the first syllable, and more (--) responses for stress on the second syllable. 
In experiment II, longer 'preceding vowel' durations led to more [+voice] percepts for 
C^ as was expected. Although the С responses showed a trend in the same direction 
(more [+voice] responses to С with longer 'preceding vowel' durations), the effect on 
С perception was not significant. Thus, it appears that 'preceding vowel' duration is 
a cue only to С perception, and not to С perception. This may seem to indicate 
that the 'vowel' duration cue fell outside the temporal domain over which voicing 
cues to С are integrated. However, it is more likely that 'vowel' duration does not 
act as a cue at all to С perception (cf. also Repp & Williams, 1985, Note 3). 
The difference between the two stress conditions in the effect of 'vowel' duration can 
either be due to the difference in the stress patterns themselves, or to the different 
absolute 'vowel' durations that were employed. The effect of stress pattern cannot be 
tested on all data because of the different durations employed in the two stress condi­
tions. However, a comparison can be made for the 80-ms and 120-ms durations. In 
this comparison both the main effect of stress pattern (χ2"= 0.76, df=3) and the inter­
action stress pattern χ duration (χ2= 0.71, df=3) were not significant. It therefore 
appears that the non-significant effect of duration in the stress 2 condition is due to 
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the smaller range of the absolute durations rather than to the fact that the vowel 
was not stressed. This is the more likely in view of the fact that duration had a 
significant effect on С responses in both stress conditions and that the larger range 
in durations in the stress on the first syllable condition is reflected in a larger 
increase in [+voice] percepts for C^ 
In the stress 1 condition the effect of 'vowel' duration was larger for /ε/ than for 
/a:/. With increasing 'vowel' duration the number of [+voice] С percepts increased 
more rapidly if the vowel was /ε/ than if it was /a:/. Therefore, it would seem 
that /ε / is perceived as longer than /a : / of the same duration. Apparently listeners 
do have an internal representation of the intrinsic duration of a vowel and are able 
to use it in their evaluation of the speech signal (cf. also Nooteboom & Doodeman, 
1980). 
In the stress-2 condition, no difference was observed between /ε/ and /a : /. This is 
most probably due to the absolute range of 'vowel' duration in this stress condition, 
which was smaller than in the stress 1 condition. The smaller range led to a smaller 
main effect of duration; it is likely that possible differences between /ε/ and /a:/ 
are obscured because of the smaller size of the effect. 
In Experiment II more [+voice] responses were given to C, if it was a plosive than if 
it was a fricative. In natural speech, 'vowels' are generally longer before fricatives 
than before plosives (Nooteboom & Cohen, 1984; Umeda, 1975). Therefore, if a plosive 
and a fricative are preceded by a 'vowel' of the same duration, the 'vowel' before the 
plosive is relatively too long, and will also be perceived as longer. This longer per­
ceived 'vowel' duration will then lead to more [+voice] percepts for plosives. 
To return to the main results, the acoustic parameters of 'preceding vowel' duration 
and duration of the 'second consonant' have been shown to affect the perception of 
voicing in Dutch two-obstruent ( C , ^ ) sequences. The number of judges as well as the 
procedure of repetitive presentation that was employed ensured that researchers' biases 
and possible misperceptions due to one presentation only were minimized. In a psy-
choacoustic experiment like the one used here, the subjects are listening phonetically, 
i.e. they are basing their judgements on acoustic cues relevant to the voicing distinc­
tion. It appears that even in this type of situation, where attention is directed to the 
voicing cues, the perception of voicing is affected by durational parameters, and thus 
does not only depend on the audible presence of vocal fold activity This result 
strongly suggests that trying to ascertain whether assimilation of voice did occur (i.e. 
whether both consonants are produced with a similar vocal fold setting) by means of 
perceptual voicing judgements (even if these be most careful) is a highly unreliable 
method. 
Besides the durational factors studied here, the position of stress and the type of 0,0 
sequence also appeared to affect the perception of voicing, although these factors did 
not interact with the durational parameters. Earlier research (Van den Berg, 1986) 
showed that presence/absence of periodicity in the 'consonants' and fncation noise 
intensity also affected the perception of voicing in C,C2 sequences. Whether all of 
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these parameters influence the perception of voicing independently, or whether some 
interact, is a question for further research. 
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Chapter 6 
Perception of voicing 
in Dutch two-obstruent sequences: 
covariation of voicing cues » 
R.J.H. van den Berg 
*) Speech Соттпипісаііоп, submitted. 

6.0 Abstract 
In earlier research the perception of voicing in Dutch two-obstruent sequences (C^C ) 
was shown to be affected by each of the following parameters: closure duration of 
the second consonant in the sequence, voice onset time, voice termination time (the 
period between oral closure and voice offset), duration of the preceding vowel reso­
nance, position of stress, and fncation noise intensity. The aim of the experiment 
reported on here was to establish whether the effect of each one of these six cues 
would also hold under various settings of the other five parameters. The results 
(measured in terms of voiced-voiced, voiceless-voiced, voiceless-voiceless, and voiced-
voiceless responses) showed that the response patterns for each of the six cues were 
independent of the values of the other five parameters. 
6.1 Introduction 
Because of the final devoicing rule in Dutch voiced obstruents do not occur in word-
final position, e.g. goed (good): /Xud/ -> /χιιί/. So, the words rad (wheel) and rat 
(rat), which differ in their underlying phonological representation of the final plosive, 
are phonetically equivalent. 
The phenomenon of assimilation with respect to the feature 'voice' in two-obstruent 
sequences obviously calls for two consonants that differ in their initial voicing status, 
that is the voicing status before assimilation takes place. This status is the one occur­
ring in an environment in which assimilation cannot take place, e.g. the final /t/ in 
/d i t buk is xut/ (this book is good). So, as a consequence of final devoicing, assimi­
lation in two-obstruent sequences (С С ) with respect to the feature 'voice' can only 
take place in sequences of which the first consonant (C^ is voiceless and the second 
consonant (C ) is voiced. 
Assimilation is essentially an articulatory phenomenon. It is "the influence exercised 
by one sound segment upon the articulation of another, so that the sounds become 
more alike, or identical" (Crystal, 1980). So, if assimilation with respect to 'voice' 
does take place in a sequence of an (initially) voiceless C1 and voiced С , then both 
consonants are produced with a similar setting of the articulatory feature 'voice', that 
is both are produced with either vibrating or non-vibrating vocal folds. 
Over the years, assimilation of 'voice' in Dutch, which can take place word-internally 
as well as across word boundaries, has received a good deal of attention. So far, the 
aim of the research has been to discover linguistic (and extralmguistic) regularities in 
the occurrences of assimilation. Two phonological assimilation rules have been formu­
lated (Booij, 1981; Trommelen & Zonneveld, 1979): 
(1) If С is a plosive, assimilation is regressive, that is С
у
 takes on the voicing sta­
tus of C2. The result is a sequence of two voiced consonants, e.g. goed boek (good 
book): //ut buk/ -> /χυα buk/. So, in this case the underlying phonological rep­
resentation /χυά/ is changed into /xut/ by the final devoicing rule and subse-
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quently becomes /f^uà/ as a consequence of this assimilation rule. 
(2) If С is a fricative, assimilation is progressive, that is С adapts to С . The result 
is a sequence of two voiceless consonants, e.g. v/it zand (white sand): /Wit 
zant/ -> Avit sant/. 
Since articulatory data were not readily available in the older days, these rules were 
formulated on the basis of data obtained by linguists who scored assimilation by ear. 
That is, they listened to utterances, often only to one occurrence as in radio broad­
casts or lectures, and noted down cases of assimilation. The decisions about the voicing 
status of the obstruents were made on the basis of what one heard and were more 
often than not based on the judgement of one perceiver only, the researcher. More­
over, it was implicitly assumed that if a (phonologically) voiced (or voiceless) conso­
nant was perceived, the consonant was also produced with (or without) phonetic 
voice. However, this deduction may not always hold good. Phoneticians (and subjects 
in a psychoacoustic experiment) can be considered careful listeners, that is listeners 
who are paying attention to acoustic cues relevant to the distinction under investiga­
tion. So, they may be believed to be listening for the presence of audible vocal fold 
activity, if faced with the task of making voiced/voiceless judgements. Nevertheless, 
even these careful listeners could be (mis)guided in their judgements by other acoustic 
cues. After all, the perception of voicing is affected by a host of cues (e.g. Lisker, 
1978). In view of this and of the fact that assimilation is a phenomenon of speech 
production (and that empirical evidence for assimilation should therefore be sought in 
production data), the data obtained by means of this perceptual method can at best be 
considered only indirect evidence of assimilation. 
A more direct method of establishing whether assimilation of 'voice' did occur, would 
be to measure vocal fold activity during the production of the two-obstruent sequence. 
Slis (1982) took this methodological consequence and performed articulatory/acoustic 
voice measurements of two-obstruent sequences in which assimilation could occur, 
recording both the acoustic signal and the vocal fold activity. The moments of offset 
and onset of vocal fold vibrations were related to the moments of oral closure and 
release. The voicing status of the obstruents was established by evaluating these find­
ings against the measurements obtained for single voiced and voiceless consonants. In 
the light of the data thus obtained rule (l) above in particular became contestable. 
Slis (1986) also made a direct comparison of articulatory/acoustic voice measurements 
and perceptual voicing judgements of the same natural speech stimuli, using a number 
of speakers as well as listeners. From this comparison it appeared that no one-to-one 
relationship exists between the two types of data: the voicing status assigned on the 
basis of the presence or absence of vocal fold vibrations was not an adequate predic­
tor of the voicing judgements obtained. For obstruent-plosives far more sequences con­
sisting of two voiced consonants were perceived than would be justified by the 
articulatory/acoustic measurements. However, it is possible that the two consonants 
did become more alike in some other articulatory feature(s), the acoustic correlates of 
which may have triggered the perception of two voiced consonants. 
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As stated above, the assimilation rules for Dutch are based on perceptual data. These 
rules may be a correct description of the articulatory phenomenon known as assimila­
tion That is, the researchers who formulated them may have been able to distinguish 
the acoustic correlate of presence or absence of vocal fold vibration from other acous­
tic cues relevant to the perception of voicing. But, in the light of Slis's (1986) 
results, it is more than likely that these other cues did (mis)guide their voicing judge­
ments. Therefore, the study of the relation between acoustic cues and voicing judge­
ments of two-obstruent sequences is of importance for the description of assimilation 
with respect to the feature 'voice' in Dutch. 
The question of what acoustic parameters affect the perception of voicing m two-
obstruent sequences was addressed in a series of experiments employing synthetic 
speech stimuli. Synthetic speech was chosen since it allowed for a ready manipulation 
of the parameter(s) under investigation and for a strict control on the other parame­
ters. 
The effects of the following were investigated: the moment of voice onset relative to 
the moment of oral release, voice onset time (VOT); the moment of voice offset rela­
tive to the moment of oral closure: voice termination time (VTT); the intensity of 
frication noise; the duration and range of the formant transitions; the closure duration 
of the first (C ) and of the second (C ) consonant in the two-obstruent sequence; and 
the duration of the preceding vowel resonance (Van den Berg, 1986, 1987). Of these, 
significant effects were observed for VOT, VTT, frication noise intensity, С -closure 
duration, and 'preceding vowel' duration. 
In this series of experiments only one parameter at a time was varied. The other 
parameters were set at values that rendered a sequence that was perceptually ambigu­
ous with respect to the voicing status of the two obstruents, as assessed in informal 
listening. It is, however, possible that the observed effect of a particular parameter 
can only be obtained if the other parameters are set at the particular values that 
were used in these experiments. Therefore, it seemed advisable to investigate whether 
an acoustic cue would affect perception in roughly the same way for different set­
tings of other cues, or, in other words, whether gross interactive effects between 
parameters would occur. To this purpose an experiment was designed in which those 
parameters for which a significant effect was found, were covaried. 
The finding of a statistical interaction between the effects of two acoustic cues does 
not necessitate the abandonment of the idea that acoustic cues are perceived indepen­
dently. Following the initial stage of auditory analysis of the speech signal into a set 
of acoustic features or acoustic cues, most models of speech perception distinguish two 
more stages: one at which the acoustic features are evaluated, and one at which they 
are integrated. The result of the latter stage (the acoustic feature integration) may 
either be phonetic features (which m their turn combine into phonetic segments, e.g. 
Sawusch & Pisoni, 1974), or a phoneme prototype (e.g. Oden & Massaro, 1978). 
A statistical interaction may originate in either the feature evaluation stage or the 
feature integration stage. An interaction may result from the fact that the cues 
involved are not evaluated independently. That is, the perception of one acoustic fea-
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ture may be be dependent on the prior analysis of another acoustic feature (e.g. 
Miller, 1977), or it may depend directly on the setting of another acoustic feature. On 
the other hand, feature evaluation may be independent and the observed interaction 
may result from the way m which the information is integrated (Massaro & Oden, 
1980). 
Although the acoustic featural independence remains an interesting issue, it is not at 
the heart of the present research. The mam objective of the experiment described here 
is to establish whether acoustic cues known to affect the perception of voicing in 
Dutch two-obstruent sequences do so for a number of different settings of other cues. 
6.2 Method 
The stimuli were generated by a 'speech-synthesis-by-rules' system. In this system a 
string of phoneme labels and prosodie condition signs is transformed into a string of 
labels indicating successive segments. Parameter values for each segment are read from 
a table containing target values and timing data for each parameter (a 'phoneme' rep­
resentation). These values are adapted for context and prosodie conditions by a set of 
rules (into an 'allophone' representation). Subsequently, these parameter values for allo-
phone sized segments are converted into parameter values for segments of pitch period 
size. These are used as input for the calculation of the synthetic speech signal At the 
allophone size level the program allows the user to set parameters at self-chosen val­
ues. 
6.2.1 Speech material 
To preclude effects due to phonetic context (Van den Berg & Slis, 1987) the C , ^ 
sequences were part of VCCV nonwords in which both vowels were /a/. Because 
the duration of the С -closure was one of the parameters that were varied, a clear 
acoustic boundary between the first and the second 'consonant' seemed advisable. 
Therefore, only combinations of a plosive (silent interval) and a fricative (noise) were 
included: /fd, sb, pz, tv/. The sequences are described as a voiceless plus voiced con­
sonant, because these were the labels used in the input string for the synthesis sys­
tem. 
Because informal listening showed that the release burst of C, plosives counteracted 
the perception of Ci as voiced, all C1 plosives were synthesized without a release 
burst. The duration of the С segment was set at a constant value of 50 ms, that of 
the second vocalic segment at 160 ms. 
The parameters that were covaried were: С -closure duration, the duration of the 
vowel resonance preceding the sequence, voice onset time, voice termination time, posi­
tion of stress, and the intensity of the fncation noise in the fricative. 
The duration of the C2 segment was varied in three steps, viz. 100, 75, and 50 ms. 
'Preceding vowel' duration was varied m two steps: 80 and 120 ms. Three voice 
- 86 -
onset time (VOT) values (0, -25, and -50 ms), and two voice termination time (VTT) 
values (0 and 40 ms) were employed. VOT-values are relative to the end of the С 
segment, that is the boundary between silent interval and release burst for plosives, 
and the moment of frication noise offset for fricatives. VTT-values are relative to the 
beginning of the C1 segment, that is the beginning of the silent interval of plosives 
and the moment of frication noise onset for fricatives. Position of stress was also var­
ied: stress was either on the first or on the second syllable, realized by a prominence 
lending rise and fall of F&s7.. Frication noise intensity was varied in two steps of 
approximately 10 dB difference. This variation pertained to the fricatives only, since 
Cj plosives did not contain a release burst the noise intensity of which could be var­
ied. Exact noise level values depended on the identity of the fricative and were 
assessed in informal listening. Table I lists the parameters that were varied, their 
notational codes, and the levels of the parameters. Since the design was fully crossed 
the total number of stimuli amounted to 576. 
Table I: Parameters covaned: notational codes and step values. 
duration 'C2' in ms 
voice onset time in ms 
voice termination time in ms 
duration 'preceding vowel' in ms 
syllable stressed 
frication noise intensity 
CDR 
VDT 
VTT 
VOV/ 
STR 
FRC 
100 
0 
0 
80 
1st 
low 
75 
-25 
40 
120 
2nd 
high 
50 
-50 
6.2.2 Subjects and Procedure 
After the stimuli were synthesized they were recorded onto audiotape in random 
order. Each stimulus was recorded three times m succession, with a one-second inter­
val between repetitions and an intertnal interval of five seconds, in which the sub­
jects made their response. The subjects' task was to listen to all three repetitions of 
a stimulus, to identify the consonantal sounds in the sequence, and to indicate in a 
forced choice task what sequence they had heard. The forced choice was between four 
alternatives: voiced-voiced, voiceless-voiced, voiceless-voiceless, and voiced-voiceless. The 
last category, although phonologically inadmissible in Dutch, was nevertheless included, 
because it was felt that some of the manipulations might give rise to the perception 
of a voiced-voiceless sequence. On the response sheet the alternatives were orthographi-
cally represented, for example avda, afda, afta, and avta, standing for favda/, 
/a f da/, /afta/, and /avta/. 
Twenty subjects (10 male, 10 female) participated. They were all university students 
(ages 19-32) and were paid for their services. None reported known speech or hearing 
disabilities. 
The subjects were tested individually in a sound-treated booth. They listened to the 
stimuli over headphones. Experimental trials were preceded by ten practice trials to 
allow the subjects to get used to the synthetic speech and to the task. The 576 stim-
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uli were divided into four blocks of 144 stimuli each. Each subject was randomly 
assigned to one of four subgroups, each of which received the four blocks in a differ­
ent order according to a Latin square design. Experimental sessions lasted approximate­
ly 2 hours. Informal interviews after the tests showed that none of the subjects had 
experienced difficulties in performing the task, and that all judged the synthetic 
speech to be of good quality. 
6.3 Results and. Discussion 
The response categories 'were labelled (++) for voiced-voiced responses, (-+) for 
voiceless-voiced, (--) for voiceless-voiceless and (+-) for voiced-voiceless responses. For 
each stimulus the frequencies of the response categories were assessed The resulting 
matrix of frequencies was analyzed according to Goodman's (1971, 1973) loglinear 
model. This model was specifically developed for frequency data with more than one 
independent variable. The statistic employed is a multidimensional chi square. 
The variation of the intensity of the fncation noise differed for the four sequences 
used. In fricative-plosives the intensity variation was located in the 'first consonant', 
in plosive-fricatives in the 'second consonant'. Moreover, although the two intensity 
levels differed by 10 dB in all sequences, the absolute noise levels depended on the 
identity of the fricative. So, the sequences were not directly comparable in this 
respect, and the results were therefore analyzed for each of the four sequences sepa­
rately. 
In each of these four analyses the chi square values for the main effects and for the 
first and higher order interactions of the six acoustic parameters, CDR, VOT, VTT, 
VOW, STR, and FRC, were calculated. The significance level was set at 1%. For 
each of the four sequences the fifth order interaction, the five fourth order interac­
tions, and the 15 third order interactions were not significant. Of the 20 second order 
interactions for each sequence only one was significant: CDR χ VOT χ STR for the 
sequence /sb/. 
The chi square values of the 15 first order interactions and of the six main effects 
for each of the four sequences are listed m Table II. 
Only one of the first order interactions was significant: VOT χ STR for the sequence 
/tv/. As for the main effects of the six parameters, all of these were highly signifi­
cant for each of the four sequences. 
The fact that so few interactions were significant and that, if an interaction was 
found, it was only found for just one sequence, seems to indicate that any interac­
tions observed are merely coincidental. Indeed, because of the high number of tests 
one would expect a few significant outcomes. 
For each of the four sequences separately, the effect of each of the six parameters 
was also tested for each of the different levels of the other five parameters. For 
example, the effect of С -duration (CDR) was tested for every single level of VOT, 
VTT, VOW, STR, and FRC. separately for /fd/, /sb/, /pz/, and /tv/. Likewise, for 
each sequence the effect of VOT was tested for every single level of CDR, VTT, 
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Table Π Chi square values of first order interactions and main effects of the six 
parameters for each of the four sequences separately. Significance (p<O.Ol) is indicated 
•with a *. 
Effect 
CDR χ VDT 
CDR χ VTT 
CDR χ VDV 
CDR χ STR 
CDR χ FRC 
VDT χ VTT 
VOT χ VDV' 
VDT χ STR 
VOT χ FRC 
VTT χ VOW 
VTT χ STR 
VTT χ FRC 
VOW χ STR 
VOW χ FRC 
STR χ FRC 
CDR 
VOT 
VTT 
VOW 
STR 
FRC 
df 
12 
6 
6 
6 
6 
6 
6 
6 
6 
3 
3 
3 
3 
3 
3 
6 
6 
3 
3 
3 
3 
/fd/ 
14 34 
15 70 
6 72 
3 18 
5 84 
10 18 
2 40 
6 78 
5 74 
1 54 
7 84 
2 01 
0 50 
1 36 
9 23 
60 32 * 
233 41 * 
80 99 * 
47 01 * 
17 75 * 
27 20 + 
/sb/ 
20 12 
8 21 
3 52 
4 67 
2 63 
6 21 
2 57 
7 05 
3 91 
6 27 
1 67 
1 90 
9 52 
0 51 
1 96 
73 50 * 
334 82 * 
168 36 -
51 37 * 
22 68 * 
24 42 * 
/pz/ 
10 73 
3 79 
7 89 
5 26 
5 90 
4 96 
11 85 
9 02 
5 14 
2 04 
1 59 
2 33 
4 03 
1 29 
3 14 
54 71 * 
1321 42 * 
73 28 * 
55 71 * 
18 75 ~ 
13 72 * 
/tv/ 
14 53 
7 72 
2 51 
2 30 
4 40 
12 44 
4 28 
38 37 * 
19 92 
0 75 
5 02 
3 66 
3 57 
5 56 
5 39 
115 74 * 
432 28 * 
116 17 f 
53 91 » 
158 72 * 
105 99 * 
VOW, STR, and FRC, etc. Only a few of these tests did not reach significance and 
the general pattern was that every parameter affected perception for each level of the 
other parameters The response patterns obtained were all similar to the ones for the 
main effects of the parameters, as they will be discussed below. 
It should perhaps be mentioned here that the method employed is not suitable to 
study possible interactions in detail. Interactive effects between acoustic cues are usu­
ally obtained in experiments in which two parameters are covaned in a relatively 
large number of steps. Interactions show up for ambiguous values of the parameters, 
and are manifest in different 50% cross-over points in the response curves for one 
parameter for different levels of the other parameter (e.g. Massaro & Oden, 1980). 
After all, if one parameter is set at an extreme value, the stimuli will almost consis­
tently be judged as the linguistic unit corresponding to that extreme parameter value, 
and any effects of the other parameter will be subdued. 
However, this type of detailed investigation of possible interactions was not aimed at 
in the present study, which is not to say that employing a fine-tailored method 
might not teach us more about the processes involved m the evaluation and integra­
tion of various acoustic cues to voicing in two-obstruent sequences. 
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Table Ш: Main effects: frequencies of the response categories and of C, and C2 
responses in percentages. С^+У. С, perceived as voiced, C2=(+): C2 perceived as 
voiced. 
Ilia Effect of CDR for /tv/ 
C2-dur 
100 ms 
75 ms 
50 ms 
(••) (-•) (--) (-) <:,=(•) c2=(+) 
18 3 19 7 41 2 20 8 39 2 38 0 
20 8 29 3 33 4 16 5 37 3 50 1 
25 2 35 7 29 3 9 8 35 0 60 9 
Illb Effect of VOT for /pz/ 
VOT 
0 ms 
-25 ms 
-50 me 
(••> (-> (--) (+-) <:,-(•) c2=(+) 
6 2 8 0 46 4 39 5 45 6 14 2 
50 0 24 9 8 8 16 4 66 4 74 9 
61 3 23 2 4 3 11 3 72 5 84 5 
IIIc Effect of VTT for /tv/ 
VTT 
0 ms 
40 me 
(••) (-) (--) (-> <:,-<•) c2=(+) 
15 1 32 5 39 9 12 4 27 6 47 6 
27 8 24 0 29 3 19 0 46 7 51 7 
Hid Effect of VOW for /pz/ 
VOW 
80 ms 
120 шв 
(••) (-•) (--) (-) C=(+) c2=(+) 
34 2 21 1 24 0 20 8 54 9 55 3 
44 1 16 3 15 6 24 0 68 1 60 4 
Ule Effect of STR for /sb/ 
STR 
let syll 
2nd syll 
(••) (—) (--) (+-) (:,=(•) c2=(+) 
21 0 39 8 26 8 12 4 33 4 60 8 
14 7 40 0 30 5 14 8 29 5 54 7 
Ulf Effect of FRC for /sb/ 
FRC 
low 
high 
(••) (-) (--) (•-) c=(*) c2=(+) 
20 2 40 4 24 9 14 4 34 7 60 6 
15 6 39 4 32 4 12 7 28 3 54 9 
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The results for the mam effects of CDR, VOT, VTT, VOW, STR, and FRC were 
clear-cut and the results for each of the four sequences corroborated the earlier find­
ings: for every single parameter the response pattern was in line with the one 
observed in the first series of experiments (Van den Berg, 1986, 1987). Table III lists 
relative frequencies of the four response categories, together with the relative frequen­
cies of [+voice] Cj responses and [+voice] C2 responses, as derived from the original 
response categories by adding the frequencies of (++) and (+-) to arrive at the [+voice] 
C1 frequency and the frequencies of (++) and (-+) to obtain the [+voice] С frequency. 
For each of the six parameters the results for only one sequence are given. With 
decreases in the closure duration of C2 the responses shifted from (-1-) and (—) to (++) 
and (-+). This was due to an increase in [+voice] С responses with longer durations, 
rather than to differences in C, responses (see Table Ilia). 
As can be seen in Table Illb, earlier VOT's led to a decrease in (+-) and (—) responses 
and an increase in (++) and (-+) responses. VOT had its largest effect on the percep­
tion of С and a smaller, although significant, effect on С perception. Earlier VOT's 
caused an increase in [+voice] responses for both C1 and C2. The larger effect for С 
is not surprising in view of the fact that the VOT cue and other acoustic cues to С 
are contained in parts of the acoustic signal that are temporally closer than the parts 
containing the VOT cue and other cues to С . 
A later VTT (see Table IIIc) caused the responses to shift from (-+) and (—) to (++) 
and (+-). Again t+voice] responses for both C, and С increased with a later VTT. 
The shift was larger for C, responses and probably also due to a greater temporal 
proximity of the VIT cue and other C1 cues than of the VTT cue and С cues. 
Increases in [+voice] С responses were significant for only two of the four sequences, 
although similar tendencies in the response patterns were observed. 
The effect of 'preceding vowel' duration (VOW) manifested itself primarily in the С 
responses and to a lesser extent in the С responses, although for both the number of 
[+voice] judgements increased with longer durations (Table Hid). Apparently, VOW is 
a stronger cue to С than to С . 
Position of stress, too, had an effect similar to the one obtained before (Van den Berg, 
1987). With stress on the first syllable more (++) and fewer (—) responses were given 
than with stress on the second syllable. The number of (-+) and (+-) responses was 
not affected (Table Hie). Since the reverse pattern is found in the production data of 
Slis (1986), the present result points to a process of perceptual compensation of articu-
latory differences (Mann & Repp, 1980). 
The results for the FRC variable (Table Hlf) showed that more (—) and fewer (++) 
percepts were reported with increasing frication noise intensity. The number of (-н) 
and (+-) percepts was not affected. In an earlier experiment an increasing frication 
noise intensity in the 'second consonant' caused the responses to shift from (++) via 
(-+) to (—) (Van den Berg, 1986). One would have expected (+-) responses for inter­
mediate values, but this response alternative was not included, so the subjects prob­
ably resorted to the (-+) category. In the present study the response shift from (++) 
to (--) was found for all sequences, although the frication noise intensity variation 
pertained to the 'first consonant' in fricative-plosives and to the 'second consonant' in 
plosive-fricatives. For plosive-fricatives a shift via (-+) for intermediate values is 
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expected. Likewise, the responses for plosive-fricatives are expected to shift via (+-). 
However, since only two levels of FRC were employed, these possible differences in 
the response patterns for the two types of sequences may heve been obscured. 
6.4 Conclusion 
In an earlier series of experiments on the perception of voicing in Dutch two-
obstruent sequences only one parameter at a time was varied, while parameters not 
under investigation were set at specific values believed to be ambiguous with respect 
to the perception of voicing, as assessed in informal listening. The significant effects 
observed for C2 closure duration (CDR), voice onset time (VOT), voice termination 
time (VTT), duration of the preceding vowel resonance (VOW), position of stress 
(STR), and fncation noise intensity (FRC) (Van den Berg, 1986, 1987). were replicated 
m the present study for various settings of other cues: no interactions between 
parameters were found, and for a particular parameter similar response patterns were 
observed for each level of any other parameter. This result appears to validate the 
earlier findings that the perception of voicing m Dutch two-obstruent sequences is 
indeed affected by each of the cues mentioned above, irrespective of the setting of 
other cues. So, it appears that the effects of the six cues mentioned above can be 
obtained for a variety of settings of other parameters, a variety that may also be 
found in natural speech. Viewed this way, the present result gives further support to 
the notion that data pertaining to assimilation of 'voice' which are obtained by a per-
ceptual method, should be treated as only indicative evidence of the articulatory phe-
nomenon of assimilation of 'voice'. 
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Chapter 7 
The perception of voicing 
in Dutch two-obstruent sequences: 
a comparison of 
synthetic and natural speech « 
R.J.H. van den Berg 
*) Journal of Phonetics, submitted. 

7.0 Abstract 
In earlier experiments it was shown that the perception of voicing in Dutch two-
obstruent sequences ( C ^ ) is among other things affected by voice onset time, voice 
termination time (the period between oral closure and voice offset), duration of the 
preceding vowel resonance, and constriction duration of the second consonant (C2) in 
the sequence. Constriction duration of the first consonant (C ) has no effect on per­
ception. These results were obtained with synthetically generated speech stimuli. The 
aim of the present study is to investigate whether each of these cues has a similar 
effect on the perception of voicing in natural speech C^C sequences. The results indi­
cate that the effects found with synthetic speech can in general be replicated with 
natural speech. Similar effects were obtained for VOT, VTT, 'preceding vowel' dura­
tion, and 'C ' constriction duration. The absence of an effect of 'C ' constriction dura­
tion was partly replicated. 
7.1 Introduction 
The phenomenon of assimilation with respect to the feature 'voice' in sequences of 
two obstruents obviously calls for two consonants that differ in their initial voicing 
status, i.e. the status before assimilation takes place. Since the final devoicing rule in 
Dutch, which causes all phonologically voiced (syllable) final obstruents to become 
voiceless, is applied before the assimilation rules, assimilation in Dutch two-obstruent 
sequences ( C ^ ) with respect to 'voice' can only occur in sequences of which the first 
consonant (C ) is voiceless and the second consonant (C ) is voiced. The two phonolog­
ical assimilation rules that have been formulated (Booij, 1981; Trommelen & Zonn­
eveld, 1979) apply word-internally as well as across word boundaries: 
(1) If С is a plosive, assimilation is regressive: C, takes on the voicing status of С 
and becomes voiced too, e.g. wit beest (white animal): /toit b e s t / becomes /told 
best/. Note that consonants that become voiceless by final devoicing, become 
voiced again as a result of this rule. 
(2) If С is a fricative, assimilation is progressive: C2 takes on the voicing status of 
С and becomes voiceless too. An example of a compound: bad zout (bath salts) 
/bad • zant/ becomes /bat + zaut/ through final devoicing, and then 
/batsaut/ through assimilation. 
If assimilation is viewed as an essentially aniculatory phenomenon (Crystal, 1980), 
then empirical evidence regarding assimilation should be sought in production data. 
However, the above rules are based on perceptual data obtained by linguists who 
scored assimilation by ear. It was implicitly assumed by them that, if a (phonological­
ly) voiced (or voiceless) consonant was perceived, the consonant was also produced 
with (or without) phonetic voice. However, the presence or absence of vocal fold 
vibration is not the only perceptual cue to phonological voicing (Lisker, 1986). Since 
phoneticians (and subjects in a psychoacoustic experiment for that matter) are often 
analytic listeners, i.e. listeners who pay selective attention to acoustic cues presumed 
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to be relevant to a phonological distinction, it may well be that those who formulat­
ed the rules, were listening specifically for the presence of audible vocal fold activi­
ty. On the other hand, their judgements may also have been made at a more abstract 
phonological level and thus may have been influenced by other acoustic cues. There­
fore, data obtained by a perceptual method are at best indirect evidence of assimila­
tion. 
Adhering to Crystal's (1980) view of assimilation as an articulatory phenomenon, Shs 
(1982) obtained some more direct evidence of phonetic assimilation. In recordings of 
the acoustic signal he identified the moment of oral closure as the point where a sud­
den decrease in the amplitude of the speech signal occurred, and the moment of oral 
release as the point where a noise burst or a sudden increase in the signal's amplitude 
occurred. In simultaneously recorded electroglottograms, the moment of voice offset 
•was identified as the point -where the signal ceased, that of voice onset as the point 
where it started. By relating the moment of voice offset to that of oral closure the 
voice termination time (VTT) was assessed. Relating the moment of voice onset to 
that of oral release gave the voice onset time (VOT). These values were evaluated 
against criteria derived from the same measurements made on single voiced and voice­
less consonants (Shs, 1968, 1970). In that way it was established whether assimilation 
had occurred. The data thus obtained corroborated rule (2) above, but many exceptions 
to rule ( l) were found: if С was a plosive regressive assimilation was observed in 
only about half of the cases. Also, m a direct comparison of this type of 
articulatory/acoustic measurements and voicing judgements of the same stimuli. Slis 
(1986) found that the voicing status of the obstruents assigned on the basis of 
presence/absence of phonetic voice, did not adequately predict the voicing judgements 
obtained. 
In view of this, it is likely that the voicing judgements of the researchers who for­
mulated the assimilation rules, however hard they may have tried to concentrate on 
the acoustic correlate of vocal fold vibration, were also affected by other acoustic 
cues. This issue was addressed in a research project, the aim of which was to assess 
the cue value of a number of acoustic features to the perception of voicing in two-
obstruent sequences in Dutch. 
A series of experiments on this subject, reported earlier in van den Berg (1986, 1987), 
employed synthetic speech stimuli. The results from these experiments have shown 
that the perception of voicing in Dutch two-obstruent sequences is affected by a num­
ber of parameters: 
(1) the intensity of the fncation noise in fricatives and plosive bursts; 
(2) the moment of voice onset relative to the moment of oral release (voice onset 
time, VOT); 
(3) the moment of voice offset relative to the moment of oral closure (voice termi­
nation time, VTT); 
(4) the duration of the vowel resonance preceding the sequence; 
(5) the duration of the constriction corresponding to the second consonant (C ) in the 
sequence; 
(6) the position of stress (either preceding or following the sequence). 
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The following parameters have no effect on the perception of voicing in Dutch tuo-
obstruent sequences: 
(1) the range and duration of the formant transitions; 
(2) the duration of the constriction corresponding to the first consonant (C ) in the 
sequence 
Moreover, it was shown that the six parameters that did affect perception, did so 
independently: no statistical interactions between the parameters were found (van den 
Berg, submitted). 
All these effects were obtained with synthetic speech stimuli. A large amount of 
perceptual research is carried out employing synthetic speech, and the results are gen­
erally taken to also bear on the perception of natural speech. However, some 
researchers do not seem to doubt that a listener's 'performance with synthetic speech 
differs from natural speech' (Pisom, Nusbaum & Greene, 1985, ρ 1665). This is, at 
least partially, ascribed to the fact that 'synthetic speech is often generated by rules 
that manipulate only a limited number of the potential acoustic cues to the phonolog­
ical representation of the message' (Luce, Feustel & Pisoni, 1983, p.18). So, due to this 
poorer encoding in synthetic speech, fewer parameters than in natural speech are 
available to the listener. It may then be envisaged that for his judgements the listen­
er is forced to rely more heavily on those parameters that are present. Therefore, 
variation in these parameters may tend to produce perceptual effects different from 
that in natural speech Such a view is in line with Pisoni's (1981), whose results 
suggest that 'differences in perception between natural and synthetic speech lie at ear­
ly stages of perceptual analysis in which the initial phonetic or segmental representa­
tion of the input signal is developed'. 
Luce (1982) showed that synthetic speech induces a listening strategy different from 
that with natural speech: subjects pay closer attention to the physical properties of 
the synthetic signal, at least as tested in meaningful passages of fluent speech with 
questions that probed various linguistic levels It may be argued that this difference 
will not apply for the short VCCV stimuli used in testing the perception of voicing 
in two-obstruent sequences. However, in an evaluation of two synthesis systems for 
Dutch, van Bezooijen (to appear) tested the intelligibility of initial and final conso­
nant clusters in isolated monosyllabic nonwords as generated by the two systems and 
compared the results to those for LPC-resynthesized and natural speech stimuli. Her 
data suggest a different perceptual strategy for natural and (re-)synthesized speech, 
viz. that synthetic speech is listened to in a more analytic fashion, i.e. closer attention 
is being paid to the acoustic properties of the resynthesized signal than to those of 
the natural speech signal. So, even on the level of consonant clusters, comparable to 
0,0 sequences, differences in listening strategies between natural and synthetic speech 
tend to be apparent 
In the light of these considerations, it was decided to formally test the assumption 
that the perceptual effects obtained with synthetic speech can be generalized to natu­
ral speech perception, at least with respect to the perception of voicing in two-
obstruent sequences So, the aim of the present research was to investigate whether 
parameters that affect the perception of voicing in C^C sequences in synthetically 
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generated stimuli, do so too in stimuli derived from natural speech. 
7.2 Method 
7.2.1 Stimuli 
In trying to replicate the effects with natural speech, two preconditions should be 
met. First, the method employed to vary the acoustic features under investigation 
must allow for a strict control on these parameters. And second, the stimuli generated 
by the manipulation should still be of natural speech quality. Therefore, it was decid­
ed to use digital splicing of natural speech tokens rather than LPC-resynthesis. The 
parameters varied were VOT, VTT, 'preceding vowel' duration, and C, and С con­
striction durations, since these are most readily manipulated in digital splicing. 
In the description below, the sequences used in the tests are given as a voiceless plus 
voiced consonant, e.g. 'pd, tb, pz, sb'. However, this is merely a matter of notation 
and is not to be taken to imply that these sequences are realized (or perceived) as a 
voiceless plus voiced consonant. On the other hand, in the description of the original 
speech tokens used to generate the stimuli (e.g. /sp/ or /bd/), voiceless (voiced) conso­
nant symbols are to be taken as referring to the absence (presence) of phonetic voice 
throughout. 
To avoid contamination of fncation noise level and presence of periodicity, which 
may occur if one splices portions of phonetically voiced /z/ and phonetically voiceless 
/s/ together to manipulate VOT and/or VTT, these two parameters were investigated 
in sequences of two plosives only, viz. 'pd' and 'tb'. Since the manipulation of C1 and 
С constriction durations calls for a clear acoustic boundary between the two 'conso­
nants' in the sequence, these cues were tested in sequences consisting of a fricative 
and a plosive: 'sb' and 'pz'. 'Preceding vowel' duration was also manipulated in these 
latter two sequences. In most of the synthetic speech studies /aCCa/ stimuli were 
used, but the effects of VOT and VTT were studied m / ССэ/ stimuli, in which V 
was /a/, /i/, or /u/. However, no effect of vocalic context was observed there. So, in 
the present study, the С С sequences were embedded between two /a/ vowels. The 
actual speech tokens needed to generate the stimuli were /abda/, /adba/, /opta/, 
/atpa/, /aspa/, and /upsa/. The tokens of the first two of these were to have pho­
netic voice throughout, and the 'consonants' of the latter four were to be devoid of 
phonetic voicing. Also, in the plosive plosive sequences a C, release burst was to be 
absent. 'Preceding vowel' duration was manipulated by deleting or reduplicating seg­
ments of pitch period size. In vowels with a changing F this manipulation would 
result in stimuli with an unnatural F pattern. Therefore, the speakers were instruct­
ed to pronounce the stimuli in a monotonous fashion, but as natural as possible in all 
other respects. Several tokens of the six nonwords were recorded from three male 
speakers. In informal perceptual evaluations by a number of judges, the speech tokens 
thus obtained were considered to be natural realizations. The utterances from one of 
the speakers met all the conditions mentioned above. For each nonword one of the 
realized tokens was used in the generation of the stimuli. 
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VOT (0, -30, and -75 ms) and VTT (О, 40, and 75 ms) were varied in stimuli with 
a total closure duration of 150 ms. The stimuli were prepared as follows. The 'vowel' 
preceding the С^С7 sequence was lengthened by reiterating one of the F 0 periods from 
the middle of the vowel resonance as many times as necessary to obtain a 'vowel' 
length of about 90 ms. The actual durations were within 2 ms of each other (92-94 
ms). 
For the VTT=0 ms condition the first (lengthened) syllables of /apta/ and /aipa/ 
were spliced off at a point 10 ms into the silent interval, and for VTT=40 ms and 
VTT=75 ms the first syllables of /abda/ and /adba/ were spliced off at that zero-
crossing which gave VTT values closest to the ones desired. The difference between 
the actual values and the ones aimed at was never larger than 3 ms. These VC 
tokens were recombined with excerpted CV tokens to yield the experimental stimuli. 
The CV tokens were prepared as follows. The /-pa/ and / - t a / syllables were 
spliced off just before the release burst. For the VOT-=0 ms condition the spliced off 
tokens of /-pa/ and /- ta/ were preceded by 75 ms of silence, for VOT=-30 ms and 
VOT=-75 ms by a section of appropriate length from the last part of the closure of 
the /abda/ and /adba/ tokens, respectively. Because of the necessity to splice at zero-
crossings, the actual VOT's differed a little but were always within 3 ms of the val­
ues aimed at. The VC and CV tokens were then spliced together, adding silence wher­
ever necessary to arrive at a total closure duration of approximately 150 ms for all 
stimuli. 
Combining the release bursts from /-pa/ and / - t a / with the prevoicing from /-ba/ 
and /-da/ may seem a little inappropriate. In the preparation of the material, the 
nine stimuli for each of the two sequences were generated in two versions. One ver­
sion is described above, in the other the /-ba/ and /-da/ release bursts were used. 
As assessed'in informal listening, the stimuli from the first series, the ones actually 
used, were expected to give rise to more variation in the responses, and were, there­
fore, thought to be better equipped to test the perceptual effects due to the features 
under investigation. 
As for the 'final vowel': the speaker managed to pronounce all his final 'vowels' 
with a duration of 190 ms, give or take 2 ms. Therefore, aligning 'final vowel' dura­
tion was not necessary. 
The speech stimuli for the test of the three durational factors were constructed as 
follows. In both the /aspa/ and /apsa/ tokens 'preceding vowel' duration was varied 
by reiterating as many times as necessary one of the F periods from the middle of 
the vowel resonance. Actual durations differed from the ones aimed at (80, 120, and 
160 ms) by no more than 3 ms. 
C, and С constriction duration were both varied in three steps (50, 75, and 100 ms). 
In both tokens, 'C^ and 'C ' durations exceeded 100 ms. So, the manipulation of these 
two was established by splicing out the appropriate amount of noise from the middle 
of the noise period representing /s/, and the appropriate amount of silence from the 
middle of the silent interval representing /p/. Since no quasi-periodicity had to be 
reckoned with, the actual durations could be made exactly the same as the ones aimed 
at. Again, durations of the 'final vowels' did not differ from 190 ms by more than 
2 ms, so aligning of these was not necessary. 
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In informal listening, all of the speech files thus obtained were checked for audible 
anomalies that might have arisen from the speech editing process. None were found. 
Summarizing, VOX was varied in three steps: 0, -30, and -75 ms, as was VTT: 0, 40, 
and 75 ms. AU VOT levels were combined with all VTT levels, thus giving 9 stim-
uli for each of the two sequences, 'pd' and 'tb'. These values replicate the ones used 
in the synthetic speech stimuli. The three durational factors also had three levels 
each. 'Preceding vowel' duration was either 80, 120, or 160 ms, and the constriction 
durations of C1 and C2 were 50, 75, or 100 ms. All levels were combined with each 
other, so there were 27 stimuli for each of the two sequences, 'sb' and 'pz'. 
7.2.2 Subjects and Procedure 
The 72 stimuli were recorded onto audiotape in a random order. Each stimulus was 
recorded 3 times in succession with a l s . interval between repetitions. The intertrial 
interval was 3 s., during which the subjects made their response Twenty subjects (10 
male and 10 female students, aged 20-29) participated and were paid for their servi-
ces. Half of them heard the stimuli in the original random order, the other half first 
received the second block, of 36, then the first block of 36 of the original random 
order. The experimental stimuli were preceded by 10 practice items to allow the sub-
jects to get used to the task. The subjects were tested individually. They were seated 
in a sound-treated booth and listened to the stimuli over headphones Instructions 
stressed that they listen to all three repetitions and identify the consonantal sounds 
before making their response. The task was a forced-choice task •with four response 
alternatives: voiced-voiced, voiceless-voiced, voiceless-voiceless, and voiced-voiceless. 
Although the voiced-voiceless response category is phonologically irregular in Dutch, it 
is included here, as in the synthetic speech studies, because in earlier research on the 
perception of voicing in Dutch two-obstruent sequences (Slis, 1986), subjects had 
expressed their need for it. The fact that a voiced-voiceless sequence is irregular may 
affect response patterns (cf. Massaro & Cohen, 1983). However, perceptual biases due 
to this factor were believed to apply equally in synthetic and natural speech. Subjects 
indicated their response on a sheet on which the four alternatives were given in the 
following format. 
abda apda apta abta 
Experimental sessions lasted about 20 mm. Informal interviews afterwards showed 
that none of the subjects had experienced difficulties in performing the task. 
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7.3 Results and Discussion 
The response categories were labelled (++) for voiced-voiced responses, (-+) for 
voiceless-voiced, (—) for voiceless-voiceless, and (+-) for voiced-voiceless responses. For 
each of the 72 stimuli the frequencies of occurrence of the four response categories 
were assessed. The two resulting matrices of frequencies (one for the VOT-VTT data, 
and one for the data pertaining to the other three variables) were analyzed according 
to Goodman's (1971, 1973) loglmear model. This model was specifically developed for 
contingency tables of more than two dimensions. The statistic employed is a multidi­
mensional chi square. The dependent variable is the response category. The independent 
variables are VOT, VTT, and sequence type ('pd' vs 'tb') for one matrix, and 'preced­
ing vowel' duration, C, and C2 closure duration, and sequence type ('pz' vs 'sb') for 
the other matrix. The significance level was set at 5%. The analyses of the two 
matrices will be discussed separately. 
7.3.1 VOT and VTT 
The interactions sequence type χ VOT χ VTT (χ7= 5.72, df=12), sequence type χ VOT 
(χ2= 5.13, df=6), and sequence type χ VTT (χ2= 3.60, df=6) were not significant. This 
signifies that the effects of VOT and VTT were similar for 'pd' and 'tb'. Therefore, 
the data of both sequences were pooled for further analysis. VOT and VTT did not 
interact (χ2= 10.95, df=12), suggesting that these factors have independent effects. 
The main effect of VOT was highly significant (χ2= 133.28, df=6, p<0.00l). As can 
be seen from Table I, with later VOT's the responses shift from (++) via (-+) to (--) 
and (+-). If we consider the responses to С and С separately, a later VOT leads to a 
small and insignificant decrease in [+voice] responses to С , and to a large and signifi­
cant decrease in [+voice] responses to С . This latter decrease appeared to be rather 
abrupt: with a negative VOT (almost) 100% of the C2's were reported as [+voice], 
whereas with a VOT of 0 this number dropped to 50%. 
The effect of VTT was highly significant (χ2= 48.40, df=6, p<0.00l). It manifested 
itself (see Table II) in that earlier VTT's caused a decrease in the number of (++) 
responses and an increase in the number of (-+) and (—), and perhaps also of the (+-) 
responses. Earlier VTT's caused a significant decrease in [+voice] responses to C1 and a 
smaller (but significant) decrease in [+voice] responses to С . 
Table I: Frequencies of the four response categories and of [+voice] responses to С 
and C7 as a function of VOT (%). 
VOT 
-75 
-30 
0 
(••) (-) (-") (-) 
76 7 23 3 0 0 0 0 
66 7 30 8 0 0 2 5 
35 8 14 2 21 7 28 3 
C
,
+
 V 
76 7 100 0 
69 2 97 5 
64 2 50 0 
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Table Π: Frequencies of the four response categories and of [+voice] responses to C, 
and C2 as a function of VTT (%). 
VTT 
75 
40 
0 
( + + ) ( - ) ( - - ) ( • - ) 
77 5 15 0 1 7 5 8 
61 7 22 5 2 5 13 3 
40 0 30 8 17 Б 11 7 
с,* c 2 + 
83 3 92 5 
75 0 84 2 
51 7 70 8 
The general picture that emerges is the following: VOT mainly affects C2 responses, 
and also (marginally) C1 responses. VTT mainly affects С responses, and to a lesser 
extent С responses. The direction of the effect is similar for VOT and VTT: as 
expected, a longer stretch of voice causes an increase in the number of [+voice] 
responses. These results replicate the findings of the experiments with synthetic speech 
(van den Berg, 1986). There, too, a (longer) stretch of voice leads to a higher percent­
age of [+voice] responses, with VOT having its largest effect on С perception, and 
VTT on C, perception. This difference is explained in terms of temporal proximity of 
acoustic cues. In the VOT manipulation the stretch of voice is temporally closer to 
other cues to С than to cues to C,. If temporal proximity of cues favours their inte­
gration into a perceptual unit, it follows that the effect of the VOT stretch of voice 
is larger for С responses than for С responses. An analogous reasoning explains the 
larger effect of VTT on С responses than on С responses. 
7.3.2 Other durational variables 
The analysis of the data for the durational variables showed that sequence type ('pz' 
vs 'sb') did interact with С constriction duration (χ 2 - 24.62, df=6), with C2 constric­
tion duration (χ2= 23.06, df=6), as well as with 'preceding vowel' duration (.χ2^ 
28.87, df=6). In all three cases the interaction was highly significant (p<0.00l). Since 
this implies that the effect of each of the three factors differed for the two 
sequences, these were further treated separately. 
For both the 'sb' data and the 'pz' data the first and second order interactions 
between 'C ' duration, 'C ' duration, and 'preceding vowel' duration were not signifi­
cant, suggesting that these variables had independent effects. 
Separate analyses of the data for the two sequences revealed that the interaction 'C ' 
duration χ sequence type could be attributed to the fact that С constriction duration 
did not significantly affect the perception of voicing in the 'pz' stimuli (χ2= 1.51, 
df=6), but that it did affect the perception of voicing in the 'sb' stimuli (χ2= 30.40, 
df-6, p<0.001). In these 'sb' stimuli the responses shift from (++) and (-+) to (+-) and 
(—) with increasing duration. In fact, C1 perception was not affected by 'C ' dura­
tion, but C2 perception was, with longer durations leading to fewer [+voice] C2 per­
cepts (see Table III). A similar result with similar stimuli ('sb') was reported by 
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Table Ш: Frequencies of the four response categories and of [+voice] responses to С 
and С as a function of С closure duration for /pz/ and /sb/ separately (%). 
Cl-duration 
/pz/ 
50 
75 
100 
/sb/ 
50 
75 
100 
(••) 
22 8 
19 4 
22 8 
12 8 
7 2 
4 4 
(-) 
21 7 
25 6 
24 4 
29 4 
20 0 
13 3 
(--) 
32 2 
33 3 
31 1 
45 6 
62 2 
62 8 
( + -) 
23 3 
21 7 
21 7 
12 2 
10 6 
19 4 
C
,
+ 
46 1 
41 1 
44 4 
25 0 
17 8 
23 9 
<ν 
44 4 
45 0 
47 2 
42 2 
27 2 
17 8 
Table IV: Frequencies of the four response categories and of [+voice] responses to C, 
and C2 as a function of Cj closure duration for /pz/ and /sb/ separately (%). 
C2-duration 
/pz/ 
50 
75 
100 
/sb/ 
50 
75 
100 
(••> 
23 3 
22 2 
19 4 
13 3 
5 6 
5 6 
(-) 
30 0 
IB 9 
22 8 
37 8 
15 6 
9 4 
(--) 
27 8 
40 6 
28 3 
38 3 
64 4 
67 8 
(•-) 
18 9 
18 3 
29 4 
10 6 
14 4 
17 2 
C
,
+ 
42 2 
40 6 
48 9 
23 9 
20 0 
22 8 
V 
53 3 
41 1 
42 2 
51 1 
21 1 
15 0 
Table V: Frequencies of the four response categories and of [+voice] responses to C1 
and C2 as a function of 'preceding vowel' duration for /pz/ and /sb/ separately (%). 
'vovel'-duration 
/pz/ 
BO 
120 
160 
/sb/ 
BO 
120 
160 
(••> 
3 9 
29 4 
31 7 
2 8 
3 3 
18 3 
(-) 
30 0 
20 6 
21 1 
20 0 
25 6 
17 2 
(--) 
47 2 
27 2 
22 2 
72 β 
61 7 
36 1 
(-) 
18 9 
22 8 
25 0 
4 4 
9 4 
28 3 
C / 
22 8 
52 2 
56 7 
7 2 
12 В 
46 7 
V 
33 9 
50 0 
52 8 
22 8 
28 9 
35 6 
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Wingate (1982). 
In the results for synthetic speech (van den Berg, 1987), no effect of 'C * duration 
was observed, neither in the 'sb', nor in the 'pz' stimuli. So, the absence of an effect 
of 'C ' duration was replicated in the natural 'pz' stimuli, but not in the natutal 'sb' 
stimuli. 
The effect of C2 constriction duration was significant for both the 'sb' data (χ2= 
64.61, df-=6, p<0.00l) and for the 'pz' data (χ2= 16.92, df=6, p<O.Ol). As is shown in 
Table IV, a longer 'Cy duration causes a shift in the responses from (-+) via (—) to 
(+-) in the 'pz' stimuli, and a shift from (++) and (-н) to (—) and (+-) in the 'sb' 
stimuli. With respect to С and С responses: for both sequences the number of 
[+voice] C, percepts is not significantly affected by 'C ' duration, and the number of 
[+voice] C2 percepts decreases with longer 'C2 ' durations. 
This latter effect is stronger in the 'sb' than in the 'pz' stimuli. So, the cause for 
the interaction between 'Cj' duration and sequence type appears to be due not to a 
qualitative, but rather to a quantitative difference between the two sequences in the 
effect of 'C ' duration. 
The result that 'C * duration affects C2 perception (longer durations leading to fewer 
[+voice] percepts) but does not affect C, perception, replicates the findings obtained 
with synthetic speech (van den Berg, 1987). 
The effect of 'preceding vowel' duration was significant for both 'pz' (χ 2 - 74.88, 
df=6, p<0.00l) and 'sb' (χ 2= 96.09, df-6, p<0.001). For both sequences longer durations 
led to more (++) and (+-) and fewer (-t-) and (—) responses (Table V). C, responses 
were most strongly affected, but the effect was also significant for С responses: 
longer 'preceding vowel' durations gave rise to more [+voice] percepts for both C, and 
C2. Here, too, the difference between the two sequences is rather quantitative than 
qualitative in nature: for 'pz' the largest increase in [+voice] C, responses occurs 
between 80 and 120 ms, for 'sb' the largest increase occurs between 120 and 160 ms. 
In synthetic speech stimuli the effect of 'preceding vowel' duration was manifest only 
in the C, responses- longer durations gave rise to more [+voice] percepts. A nonsignifi­
cant trend in the same direction was observed in the С responses. The present results 
seem to concur with this: C ) and C2 responses shift in the same direction, but the 
effect appears to be stronger for the natural than for the synthetic speech stimuli. 
7.4 Conclusion 
From the above it may be clear that the effects of VOT, VTT, С constriction dura­
tion, and 'preceding vowel' duration that were present in the perception of voicing in 
synthetic two-obstruent sequences (van den Berg, 1986, 1987) are also obtained in nat­
ural С С sequences. The absence of an effect of С constriction duration in synthetic 
speech was partly replicated: 'C ' duration did not affect perception in 'pz' stimuli, 
but it did in 'sb' stimuli. Apart only from this last finding, it appears that effects 
- 106 -
observed in the perception of synthetic speech also play a role in the perception of 
natural speech. Therefore, conclusions with regard to the relevance of acoustic cues to 
the perception of voicing in Dutch two-obstruent sequences that are based on research 
with synthetic speech stimuli, can be assumed to also be valid for the perception of 
voicing in such sequences in natural speech. 
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Chapter 8 
Concluding remarks 
and 
suggestions for further research 

The research into the cue value of a number of acoustic features to the perception of 
voicing in Dutch two-obstruent sequences as reported in Chapters 2-7 comprises four 
parts. In the first part, the issue addressed was that of the most suitable stimulus 
form to be employed in the testing of the perceptual effects of the acoustic parame­
ters. A series of experiments m which the different acoustic features were varied one 
by one, constituted the second part Possible interactive effects of the parameters were 
investigated in the third part. And, since all these experiments were conducted with 
synthetic speech stimuli, a comparison was made of synthetic and natural speech 
(with regard to the effects of certain parameters on the perception of voicing in two-
obstruent sequences), which is described in the final fourth part. 
The main objective of the first experiment (Chapter 2) was to investigate the percep­
tual effect of the linguistic context in which the two-obstruent sequences were 
embedded. Perception was tested in three conditions nonsense utterances, word pairs in 
isolation, and word pairs in sentences. Comparison of the first two conditions allowed 
an evaluation of the effect of the lexical status of the stimuli; comparison of the lat­
ter two was thought to reveal possible differences in perception due to the length of 
the utterance in which the sequences were embedded. 
The results showed that the length of the utterance did not affect perception, at least 
not in an experimental situation in which the linguistic content of the stimulus was 
known beforehand. It was hypothesized that the observed perceptual difference 
between nonsense utterances and meaningful words was due to an effect of (what 
was called) phonetic context, vi/, the difference in the voicing status of the conso­
nants (or consonantal clusters) surrounding the VC C,V kernel of the stimulus, rather 
than to an effect of lexicahty, or a possible effect of phonological rules. This was 
further investigated in an experiment in which this variable was more systematically 
varied (Chapter 3). In С VC, С, VC. stimuli, in which both the initial (C) and final 
1
 ι 1 2 τ ι 
(C() consonant were either voiced (/n/) or voiceless (/s/), it was shown that the per­
ception of voicing in the C ^ sequence was affected by the identity of С and C
r
. 
A voiced С (/η/) led to more [+voice] percepts of C, as compared to a voiceless С 
(/s/), but the perception of voicing in С was not affected by the voicing status of 
C. A voiced C( (/n/) gave rise to more [+voice] percepts of C2 as compared to a 
voiceless С (/s/), but С, perception was not affected by this variable. Although no 
conclusions with regard to the exact locus of the effect could be drawn from the 
results obtained, it was nevertheless clear that the identity of the consonants sur­
rounding the VCjC V kernel has an effect on the perception of voicing in C , ^ 
sequences. 
This effect of phonetic context is, of course, an intriguing one, and it was further 
pursued in a line of research that is not reported here (but see Shs & van den Berg, 
1987). However, in the present research the main objective was to study the perceptu­
al effects of acoustic parameters that are generally considered to be direct cues to the 
perception of the consonants in a two-obstruent sequence. It was, therefore, decided to 
not include phonetic context as an additional variable, and to test the perceptual 
effects of the parameters m stimuli of a V ^ C V nonsense form. 
- I l l -
In the subsequent series of experiments, the parameters investigated comprised two 
groups: those concerning voice and noise (Chapter 4), and those concerning durational 
factors (Chapter 5). 
The experiments reported in Chapter 4 studied the effects on the perception of voicing 
in C ^ obstruent sequences of voice onset time (VOT), voice termination time (VTT), 
range and duration of VC, and C2V formant transitions, and intensity of the frication 
noise in fricatives and plosive bursts. 
VOT was shown to have a significant effect on perception in that a gradually earlier 
VOT (that is a gradually earlier onset of periodicity with regard to the release burst 
if С is a plosive and with regard to the noise-resonance boundary if С is a frica­
tive) caused a shift in perception from 'voiceless-voiceless' via 'voiceless-voiced' to 
'voiced-voiced'. As could be expected, С perception was more affected by this variable 
than C1 perception. However, even earlier VOT values that still fell within that 
part of the acoustic signal that may be assumed to represent the constriction phase 
for С , caused a shift in C, perception towards more [+voice] judgements (boundaries 
between the silent intervals for two plosives are not acoustically represented, but 
boundaries between noise and silence, signalling fricatives and plosives, and between 
noises of different frequencies, signalling two fricatives with a different place of 
articulation, are). 
VTT had a similar effect. Later VTT's caused a shift from 'voiceless-voiceless' via 
'voiced voiceless' and voiceless-voiced' to 'voiced-voiced' responses. Leaving aside the 
effect of phonological restrictions (cf. Massaro & Cohen, 1983a), VTT had a larger 
effect on С responses than on С responses, later VTT's leading to more [+voice] per­
cepts. But again, later VTT values that fell within that part of the acoustic signal 
representing the constriction phase for C, (with reference to the same acoustic bound­
aries as with VOT) also caused an increase in [+voice] percepts of С . 
Apparently, presence or absence of phonetic voice during the constriction interval for 
one of the obstruents (be it C1 or C2) does not only affect the perception of that 
obstruent, but also that of the other obstruent. The conclusion to be drawn from this 
would seem to be that acoustic features that act as a cue to the perception of a lin­
guistic unit, may be taken from temporally rather distant portions of the acoustic sig­
nal, at least if the feature is presence/absence of phonetic voice. 
Varying the range and duration of the VC, and С V formant transitions was shown 
to have no effect on the perception of voicing in C(Z sequences. Because too long 
transitions gave rise to the perception of glides and because too short transitions led 
to the loss of the principal perceptual cue to the place of articulation of the conso­
nants, as assessed in informal listening, the range of values used in this variation was 
rather limited This may have been the cause for the observed absence of effect of 
formant transitions. On the other hand, it is also possible that formant transitions do 
not play a role in cueing the perception of voicing in two-obstruent sequences in 
Dutch. 
The intensity of the frication noise in С plosive bursts and С fricatives had a small 
but significant effect. The direction of the shift was as expected: higher noise levels 
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caused a shift from 'voiced-voiced' and Voiceless-voiced' to voiceless-voiceless' responses 
That the effect was rather weak was ascribed to the setting of other parameters· the 
possibly too long durations of the C1 and С constriction intervals may have biased 
perception, thus obscuring the effect of fncation noise intensity. However, this expla­
nation becomes less likely in the light of the results from the covariation experiment, 
which showed no interactive effects between parameters. So, it would appear that 
fncation noise intensity is a rather weak cue to the perception of voicing in two-
obstruent sequences. The significant, but again rather weak, effect of fncation noise 
intensity in the covariation experiment, supports this view. 
Chapter 5 describes the perceptual effects of three durational variables: the duration 
of the C, and C2 constriction intervals, and the duration of the resonance that is the 
principal cue to the vowel preceding the С С sequence. 
C1 constriction duration did not affect perception. This negative result is in line with 
the weak perceptual effects of C, closure duration reported for C(Z sequences consist­
ing of two plosives (Repp & Williams, 1985), and with the weak effect of closure 
duration reported for final plosives (Raphael, 1981). Apparently, the constriction dura­
tion of an utterance-final or syllable-final consonant does not act as a cue to the per­
ception of voicing in that consonant 
The effect of 'C ' duration, however, was significant. As expected, longer durations 
gave rise to more [-voice] С percepts; C1 perception was not affected. The significant 
effect of 'preceding vowel' duration was also as expected: longer durations led to more 
[+voice] C, percepts. No effect on С perception was observed Both the effect of 'C ' 
duration on С perception and the effect of 'preceding vowel' duration on C, percep­
tion are in line with what is generally reported. 
The effect of the position of stress manifested itself in that more 'voiced-voiced' and 
fewer 'voiceless-voiceless' responses were given if stress was on the first syllable than 
if it was on the second syllable. In production data on assimilation of 'voice' as a 
function of stress (Slis, 1986), based on the criteria described in section 1.2., a reverse 
pattern was observed: fewer 'voiced-voiced' and moie 'voiceless-voiceless' sequences if 
stress was on the first syllable than if it was on the second syllable. This leads to 
the assumption that a mechanism of perceptual compensation is possibly at work here. 
In the series of experiments reported in Chapter 4 and 5, most of the acoustic param­
eters were varied one by one, that is the perceptual effect of each feature was 
assessed while the other parameters were set at specific values thought to be ambigu­
ous to the perception of voicing. In order to test whether the observed perceptual 
effect of each of the six acoustic features that had shown a significant effect (VOT, 
VTT, 'C ' duration, 'preceding vowel' duration, fncation noise intensity, and position 
of stress) could also be obtained for different settings of the other five parameters, an 
experiment was conducted in which these six parameters were covaned (Chapter 6). In 
that way each of the six could be tested under a large number of combinations of 
settings of the other five parameters. A possible dependence of the effect of a certain 
feature on the setting of other parameters would show up in significant interactions 
between parameters. However, no such interactions were observed. So, the acoustic fea-
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tures that cue the perception of voicing in two-obstruent sequences apparently do so 
in an independent fashion. 
The covariation experiment also contained indications as to the relative perceptual 
importance of the acoustic features. From a multiple regression analysis with the fre­
quencies of [+voice] C1 responses and of [+voice] С responses as the criteria and the 
values of the acoustic parameters as the predictors, it appears that the most important 
features for C ) perception are (in descending order of importance) VTT, VOT, and 
'preceding vowel' duration, and that the most important features for С perception are 
(in descending order) VOT and 'C ' constriction duration. This is also reflected in the 
size of the shifts in C1 and С responses as a function of the various acoustic param­
eters. 
From this it would seem that the presence/absence of periodicity (VOT, VTT) is the 
most important determinant of the perceived voicing status of both С and С . How­
ever, the perception of voicing in both C, and C2 is also to a large extent determined 
by a durational variable: 'preceding vowel' duration in the case of С , and 'C ' closure 
duration in the case of С . Moreover, although fncation noise intensity and position of 
stress had weaker effects on voicing perception, these effects were nevertheless signifi­
cant. 
The fourth part of the research addressed the issue whether the results as established 
with synthetic speech, would also hold for natural speech. Although perceptual 
effects obtained -with synthetic speech stimuli are generally assumed to reflect the 
perceptual behaviour of listeners confronted with natural speech, the experiment 
reported in Chapter 7 explicitly tested this assumption with respect to the effects of 
certain acoustic features on the perception of voicing in two-obstruent sequences Five 
acoustic parameters were varied in edited natural speech stimuli: VOT, VTT, duration 
of the 'C ' and 'C ' constriction interval, and duration of the 'preceding vowel' reso­
nance. The results replicated the earlier findings: VOT, VTT, 'C.,' duration, and 'pre­
ceding vowel' duration significantly affected the perception of voicing in C
:
C2 
sequences, with response patterns that resembled those obtained with synthetic speech. 
The absence of effect of 'C,' duration was partly replicated. So, in general this test 
confirmed the assumption that in two-obstruent sequences perceptual effects observed 
in synthetic speech are also valid for natural speech perception. 
To summarize, the perception of voicing in Dutch two-obstruent sequences was shown 
to be affected by a number of acoustic parameters. Presence or absence of phonetic 
voice (VOT, VTT) appears to be a strong determinant of perceived voicing. Other 
important cues are duration of the 'C ' constriction interval and duration of the reso­
nance that is the principal cue to the vowel preceding the С^С7 sequence. Fncation 
noise intensity and position of stress are weaker, but significant, cues. So, although 
presence/absence of phonetic voice is a strong predictor of perceived voicing in two-
obstruent sequences, it is not the only one. Therefore, the discrepancy between the 
articulatory/acoustic measurements of phonetic voice in the constriction interval of 
Dutch two-obstruent sequences and the perceptual voicing judgements of those 
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sequences appears to be, at least partially, due to the effects on perception of acoustic 
features other than that of the presence or absence of periodicity 
Although the present research data throw some more light on the issue of assimilation 
of 'voice' and the perception of voicing in two-obstruent sequences in Dutch, this 
report is by no means to be taken as a conclusive one The paradigm chosen here con-
sisted in systematically varying the acoustic speech signal and assessing the effect 
these variations had on perception. An equally legitimate, and probably equally reveal-
ing, approach would be one where the independent and dependent variables are 
reversed. A possible operationalization of this approach would be one in which percep-
tual voicing judgements of two-obstruent sequences by a number of listeners are used 
to classify these sequences into such categories as 'voiced-voiced' Articulatory/acoustic 
measurements performed on the sequences may then reveal possible regularities in 
acoustic parameters. These can subsequently be related to the judgemental categoriza-
tions. The configurations of parameters for those sequences that are (almost) unani-
mously classified, may then be considered as typical for the particular perceptual cat-
egory. And the configurations of parameters for those sequences for which more 
variation in the responses is observed, may then be related to the 'typical' configura-
tions, in order to study which differences in the configurations may have caused the 
variation in the judgements 
In such an approach, the stimuli should preferably be taken from running natural 
speech, so as to approach as closely as possible the type of material that formed the 
basis for the observations of the more traditional researchers of assimilation. In this 
way something might be learned about regularities in acoustic features underlying 
their judgements However, several variables that may affect the occurrence of assimi-
lation on the one hand, and the perception of voicing on the other, should be taken 
into account. 
With regard to the production side, a factor to be taken into consideration is speech 
style. It can be expected that the speaker's assimilatory behaviour depends on the 
speech style: more occurrences of assimilation, and hence more variation in the way 
the two-obstruent sequences are realized, are expected in more spontaneous speech. 
One end of a formal-informal style continuum may be represented by conversations 
between friends or relatives, recorded in their home environment. In such settings, 
people tend to eventually forget the presence of a microphone. Although one has no 
control whatsoever over the speakers' utterances, a large enough number of the type 
of stimuli required will sooner or later occur given that large enough passages are 
recorded 
A possible disadvantage may result from the fact that recordings made in a home 
environment will very seldom be of hi fi quality, since background noises are likely 
to intrude. It will also prove difficult to obtain electroglottogram recordings in such a 
setting, because the presence of the EGG equipment is likely to interfere with the 
spontaneity of the speech. On the other hand, if electroglottogram recordings cannot be 
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obtained, evidence of vocal fold activity (as measured by the EGG) can in general 
also be derived from the acoustic signal itself, although this may be a little problem-
atic in some cases. For example, the amplitude of the signal for voiced plosives being 
comparatively low, the presence of possible background noise may become an interfer-
ing factor. 
The other end of the formal-informal scale is represented by having the speaker read 
out prepared texts, sentences, or even isolated phrases or words. This latter method 
allows, of course, for maximum control on the utterances, but will almost certainly 
result in speech material that is not representative of the speaker's 'normal' speech 
behaviour, that is behaviour displayed in spontaneous speech. Since this is so, the 
actual setting would seem to matter less. The recordings can, therefore, be made in a 
professional recording studio ensuring hi-fi quality and giving the possibility of mak-
ing EGG recordings. 
With regard to the perception side, a variable that requires further study is the possi-
ble effect of having trained versus untrained listeners. Trained listeners are generally 
assumed to listen more analytically than untrained listeners, analytic listening being 
taken as paying selective attention to acoustic features presumed to be relevant to the 
phonological distinction under investigation. In contrast with the analytic-perceptual 
listening of trained listeners, untrained listeners are believed to give global-perceptual 
judgements. A study that employs both trained and untrained subjects may throw 
more light on the possible perceptual differences arising from this factor. Such a 
study may also serve to investigate the effect of perceptual bias. Personal perceptual 
biases, possibly due to the perceiver's dialectal or sociolectal background, are known to 
affect perception. But it may be that such biases are to a lesser extent present in the 
judgements of trained listeners. 
A further factor that might be conceived to affect perception is a shift in the listen-
er's judgements in the course of time. If judgements are made of sequences contained 
in longer passages, do these judgements vary with the amount of speech already heard 
from the same speaker7 In other words, does perception differ for sequences occurring 
m the beginning versus sequences occurring towards the end of a discourse-sized 
speech sample7 And if such differences are observed, are they due to a listener's per-
ceptually accommodating to the speaker's assimilatory behaviour7 
Perception of voicing in two-obstruent sequences may furthermore be affected by the 
linguistic and/or phonetic environment of those sequences. If the linguistic content is 
not known beforehand, perception may vary as a function of the length of the stim-
ulus presented, for example, sentences versus isolated words or phrases. And, possibly 
related to this, is a factor that is sometimes referred to as semantic listening 
(Vieregge, 1985)· can listeners, and even trained listeners who are believed to be able 
to listen analytically, abstract from a tendency to use their linguistic knowledge7 
That is, does perception vary as a function of the lexical status of the string (mean-
ingful words versus nonsense utterances) in which the two-obstruent sequence is 
embedded7 Moreover, the results from the experiment reported in Chapter 3, contain 
indications that, even in nonsense utterances, perception of voicing is affected by the 
phonetic context. 
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In any case, it would appear that the variables mentioned above are worthwhile to 
study, and should be taken into consideration while evaluating perceptual judgements 
of two-obstruent sequences taken from natural speech. 
A methodologically, and possibly theoretically, interesting issue is the question in 
•what form the responses should be made. In the present research, as in many other 
perceptual phonetic studies, the subjects were asked to make categorical judgements. 
The use of rating scales, one for each of the two obstruents, with one end of the 
scale representing the voiced and the other end representing the voiceless extreme of 
the response continuum, may provide additional, more detailed, information about a 
subject's perception of voicing in consonants that are part of a two-obstruent sequence. 
If subjects can indeed respond in this continuous manner, the scale ratings could be 
related to the more or less continuous variations in acoustic features that may be 
found. That subjects are able to give scale ratings for a voicing dimension was, among 
others, shown by Massaro & Cohen (1983b). In their paper, they argue that continu­
ous acoustic information is available in auditory memory, and that subjects are able 
to convey this continuous information to continuous scale ratings, given the right kind 
of experimental task. In their view, categorical perception results may be interpreted 
as being due to the fact that, in giving their responses, the subjects utilize abstract 
codes rather than auditory memory. With regard to the voicing dimension in Dutch, it 
was shown by van Bezooijen & van Hout (1985) that subjects, at least trained listen­
ers, are able to produce continuous scale ratings with high intersubject reliability. 
As pointed out above, the perception of voicing in С С sequences that are part of a 
CVC С VC nonsense word stimulus, is affected by the voicing status of the initial 
(C) and final (C() consonant (van den Berg & Slis, 1987). Apart from the fact that 
this factor must, therefore, be taken into consideration, this phonetic context effect 
remains an issue intriguing enough to require further study. Is it a purely perceptual 
effect, or is it the result of perceptual compensation or perceptual expectation of 
articulatory/acoustic differences due to coamculation7 This question was addressed in a 
production experiment by Slis & van den Berg (1987). Although the experiment was 
a pilot one in nature, with only a limited number of speakers, the tentative results 
nevertheless contained indications that the voicing status of the consonants/consonantal 
sequences surrounding the VC С V kernel of the stimuli did not influence the produc­
tion of the С С sequence, at least did not influence the measured presence or absence 
of phonetic voice as assessed by Slis's (1986) criteria. If this is indeed the case, the 
phonetic context effect would seem to be a purely perceptual phenomenon. But even 
then, the exact source of the effect remains to be established. 
However this may be, the effect of phonetic context was deliberately ignored in the 
present research. This decision was taken because phonetic context effects were not the 
mam interest of the present investigation. This is not to be taken as an indication 
that these effects are, therefore, considered to be of no consequence. On the contrary, 
effects of phonetic context are a legitimate object of study (cf. Repp, 1982). Possible 
interactive effects in the perception of voicing in two-obstruent sequences (or in single 
consonants, for that matter) between phonetic context variables and acoustic features 
may be an object of future investigations. 
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To conclude, the results of the research presented in this dissertation, support the 
view that the perception of voicing in Dutch two-obstruent sequences is cued by a 
number of acoustic features. Although the presence or absence of phonetic voice dur-
ing the constriction intervals of the two obstruents was shown to be an important 
cue, other acoustic features also contribute significantly to the perception of voicing. 
So, it appears that the discrepancy between the articulatory/acoustic voice measure-
ments on two-obstruent sequences and the perceptual voicing judgements of the same 
sequences, can be ascribed to the fact that perception of voicing is cued by more 
acoustic features than the mere presence/absence of phonetic voice. A general conclu-
sion that may be drawn from the present results, seems to be that the relation 
between acoustic parameters and perceptual judgements is indeed a complex one. 
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Summary 
The aim of the research reported in this dissertation was to investigate the cue value 
of a number of acoustic features to the perception of voicing in sequences consisting 
of two obstruents in Dutch. The perceptual effects of the parameters were investigat-
ed in synthetic speech stimuli. Chapter 1 discusses the rationale of the present investi-
gation. It also contains some considerations on methodology and terminology. The 
experiments in Chapters 2 and 3 are pilot ones in nature, in that they addressed the 
issue of the most suitable stimulus form to be employed in testing the perceptual 
effects of the acoustic parameters. Chapters 4 and 5 describe the experiments in which 
the different acoustic features were varied one by one. Chapter 6 reports on the 
experiment that studied possible interactive effects of the parameters. Chapter 7 
describes an experiment designed to test the generalizability of the results obtained 
with synthetic speech to the perception of natural speech. And Chapter 8 contains 
some concluding remarks as well as suggestions for further research. 
In the introduction to Chapter 1, the three phonological rules describing voicing in 
two-obstruent sequences in Dutch are given. These rules are: 
A) All final voiced obstruents become voiceless (the final devoicing rule). Por exam-
ple, Ued (song): / l i d / -> / l i t / . 
This final devoicing rule is applied before the following two assimilation rules, which 
apply both across word boundaries and within words. For assimilation to occur the 
two obstruents obviously have to differ in voicing status, so, as a result of final 
devoicing, assimilation of voice only occurs in sequences of which the first consonant 
is voiceless and the second consonant is voiced. 
B) If the second consonant in the sequence is a voiced fricative, this second consonant 
becomes voiceless (progressive assimilation). For example, wit zand (white sand): 
/toit z a n t / -> Avit san t / . 
C) If the second consonant in the sequence is a voiced plosive, the first consonant 
becomes voiced (regressive assimilation). For example, rood boek (red book): / r o t 
buk/ -> / rod buk/. The voiced /d/ in / rod/ first becomes voiceless through final 
devoicing, and then voiced through assimilation. 
These rules are formulated on the basis of perceptual judgements, and it is not clear 
from the literature whether these voicing judgements are phonetic or phonological in 
nature. Phonetic listening is to be understood as giving analytic-perceptual judgements, 
as trained phoneticians or subjects in a psychoacoustic experiment do, i.e. judgements 
from listeners believed to pay selective attention to acoustic cues presumed to be rele-
vant to the phonological distinction. Phonological listening is equated to giving global-
perceptual judgements, as naive listeners do. From the older literature on assimilation 
of voice in Dutch, it would seem that the researchers implicitly took it for granted 
that if they perceived a (phonologically) voiced (or voiceless) consonant, the consonant 
was also produced with (or without) phonetic voice. 
In more recent research, assimilation of voice is taken to be assimilation of the articu-
latory feature 'voice'. In this approach assimilation is said to have occurred if both 
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consonants are produced with a similar vocal fold setting This definition of assimila 
tion is operationahzed in terms of presence and absence of vocal fold activity (as 
assessed in electroglottogram recordings) during the constriction interval for the two-
obstruent sequence (as assessed in recordings of the acoustic signal). These articulatory/ 
acoustic voice measurements on two-obstruent sequences were related to the same type 
of measurements on single voiced and voiceless consonants, and thus it was established 
whether assimilation had occurred. These (phonetic) assimilation data corroborated rule 
(B) above, but many exceptions to rule (C) were found. From a direct comparison of 
assimilation data, obtained by the voice measurement procedure, with voicing judge­
ments of the same sequences, it appeared that the presence/absence of phonetic voice is 
not by itself an adequate predictor of the judgements obtained. It was then hypothe­
sized that a possible reason for this discrepancy could be the fact that, just as in sin­
gle consonants, voicing judgements of two-obstruent sequences are also cued by acous­
tic features other than the presence/absence of phonetic voice. The aim of the research 
project reported here was to test this hypothesis. 
The main objective of the first experiment (Chapter 2) was to investigate the percep­
tual effect of the linguistic context in which the two-obstruent sequences were 
embedded. Perception was tested in three conditions: nonsense utterances, word pairs in 
isolation, and word pairs in sentences. Comparison of the first two conditions allowed 
an evaluation of the effect of the lexical status of the stimuli; comparison of the lat­
ter two was thought to reveal possible differences in perception due to the length of 
the utterance in which the sequences were embedded. 
The results showed that the length of the utterance did not affect perception, at least 
not in an experimental situation in which the linguistic content of the stimulus was 
known beforehand. It was hypothesized that the observed perceptual difference 
between nonsense utterances and meaningful words was due to an effect of (what 
was called) phonetic context, viz. the difference in the voicing status of the conso­
nants (or consonantal clusters) surrounding the VC С V kernel of the stimulus, rather 
than to an effect of lexicality, or a possible effect of phonological rules. This was 
further investigated in an experiment in which this variable 'was more systematically 
varied (Chapter 3). In C|VC1C2VCf stimuli, in which both the initial (C) and final 
(Cp consonant were either voiced (/n/) or voiceless (/s/), it was shown that the per­
ception of voicing in the CjCj sequence was affected by the identity of Ç and C,. 
A voiced С (/η/) led to more [+voice] percepts of С as compared to a voiceless С 
(/s/), but the perception of voicing in C2 was not affected by the voicing status of 
C. A voiced С (/η/) gave rise to more [+voice] percepts of С as compared to a 
voiceless Cf (/s/), but C, perception was not affected by this variable. Although no 
conclusions with regard to the exact locus of the effect could be drawn from the 
results obtained, it was nevertheless clear that the identity of the consonants sur­
rounding the νΟ,Ο V kernel has an effect on the perception of voicing in С
у
С2 
sequences. 
This effect of phonetic context is, of course, an intriguing one, and it was further 
pursued in a line of research not reported here. However, in the present research the 
main objective was to study the perceptual effects of acoustic parameters that are 
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generally considered to be direct cues to the perception of the consonants in a two-
obstruent sequence. It was, therefore, decided to not include phonetic context as an 
additional variable, and to test the perceptual effects of the parameters in stimuli of 
a νΟ,Ο V nonsense form. 
In the subsequent series of experiments, the parameters investigated comprised two 
groups: those concerning voice and noise (Chapter 4), and those concerning durational 
factors (Chapter 5). 
The experiments reported in Chapter 4 studied the effects on the perception of voicing 
in CjC obstruent sequences of voice onset time (VOT), voice termination time (VTT), 
range and duration of VC l and С V formant transitions, and intensity of the fncation 
noise in fricatives and plosive bursts. 
VOT was shown to have a significant effect on perception in that a gradually earlier 
VOT (that is a gradually earlier onset of periodicity with regard to the release burst 
if С is a plosive and with regard to the noise-resonance boundary if С is a frica­
tive) caused a shift in perception from 'voiceless-voiceless' via 'voiceless-voiced' to 
'voiced-voiced'. As could be expected, С perception was more affected by this variable 
than C, perception. However, even earlier VOT values that still fell within that 
part of the acoustic signal that may be assumed to represent the constriction phase 
for C2, caused a shift in C, perception towards more [+voice] judgements (boundaries 
between the silent intervals for two plosives are not acoustically represented, but 
boundaries between noise and silence, signalling fricatives and plosives, and between 
noises of different frequencies, signalling two fricatives with a different place of 
articulation, are). 
Voice termination time (VTT), that is the moment of voice offset relative to the 
moment of oral closure (signalled by a sudden decrease in the signal's amplitude), had 
a similar effect. Later VTT's caused a shift from 'voiceless-voiceless' via 'voiced-
voiceless' and 'voiceless-voiced' to 'voiced-voiced' responses. Leaving aside the effect of 
phonological restrictions, VTT had a larger effect on C, responses than on С
г
 respon­
ses, later VTT's leading to more [+voice] percepts. But again, later VTT values that 
fell within that part of the acoustic signal representing the constriction phase for C, 
(with reference to the same acoustic boundaries as with VOT) also caused an increase 
in [+voice] percepts of C2. 
Apparently, presence or absence of phonetic voice during the constriction interval for 
one of the obstruents (be it C, or C2) does not only affect the perception of that 
obstruent, but also that of the other obstruent. The conclusion to be dra-wn from this 
would seem to be that acoustic features that act as a cue to the perception of a lin­
guistic unit, may be taken from temporally rather distant portions of the acoustic sig­
nal, at least if the feature is presence/absence of phonetic voice. 
Varying the range and duration of the VC, and С V formant transitions was shown 
to have no effect on the perception of voicing in C ^ sequences. Because too long 
transitions gave rise to the perception of glides and because too short transitions led 
to the loss of the principal perceptual cue to the place of articulation of the conso-
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nants, as assessed in informal listening, the range of values used m this variation was 
rather limited. This may have been the cause for the observed absence of effect of 
formant transitions. On the other hand, it is also possible that formant transitions do 
not play a role in cueing the perception of voicing in two-obstruent sequences in 
Dutch. 
The intensity of the fncation noise m С plosive bursts and С fricatives had a small 
but significant effect. The direction of the shift was as expected: higher noise levels 
caused a shift from 'voiced-voiced' and 'voiceless-voiced' to voiceless-voiceless' responses. 
That the effect was rather weak was ascribed to the setting of other parameters: the 
possibly too long durations of the C, and С constriction intervals may have biased 
perception, thus obscuring the effect of fncation noise intensity. However, this expla­
nation becomes less likely in the light of the results from the covariation experiment, 
which showed no interactive effects between parameters. So, it would appear that 
fncation noise intensity is a rather weak cue to the perception of voicing m two-
obstruent sequences. The significant, but again rather weak, effect of fncation noise 
intensity in the covariation experiment, supports this view. 
Chapter 5 describes the perceptual effects of three durational variables· the duration 
of the C, and С constriction intervals, and the duration of the resonance that is the 
principal cue to the vowel preceding the C ^ sequence. 
C, constriction duration did not affect perception. This negative result is in line with 
the weak perceptual effect of C^ closure duration reported for C1C2 sequences consist 
ing of two English plosives and with the weak effect of closure duration reported 
for final English plosives. Apparently, the constriction duration of an utterance-final 
or syllable-final consonant does not act as a cue to the perception of voicing in that 
consonant. 
The effect of 'C ' duration, however, was significant. As expected, longer durations 
gave rise to more [-voice] С percepts; C^  perception was not affected. The significant 
effect of 'preceding vowel' duration was also as expected: longer durations led to more 
[+voice] C, percepts. No effect on C2 perception was observed. Both the effect of 'C2 ' 
duration on С perception and the effect of 'preceding vowel' duration on C, percep­
tion are in line with what is generally reported. 
The effect of the position of stress manifested itself in that more 'voiced-voiced' and 
fewer 'voiceless-voiceless' responses were given if stress was on the first syllable than 
if it was on the second syllable. In production data on assimilation of 'voice' as a 
function of stress, based on the criteria described in section 1.2, a reverse pattern was 
observed: fewer 'voiced-voiced' and more 'voiceless-voiceless' sequences if stress was on 
the first syllable than if it was on the second syllable. This leads to the assumption 
that a mechanism of perceptual compensation is possibly at work here. 
In the series of experiments reported in Chapter 4 and 5, most of the acoustic param­
eters were varied one by one, that is the perceptual effect of each feature was 
assessed while the other parameters were set at specific values thought to be ambigu­
ous to the perception of voicing In order to test whether the observed perceptual 
effect of each of the six acoustic features that had shown a significant effect (VOT, 
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ТТ, 'С ' duration, 'preceding vowel' duration, frication noise intensity, and position 
of stress) could also be obtained for different settings of the other five parameters, an 
experiment was conducted in which these six parameters were covaned (Chapter 6). In 
that way each of the six could be tested under a large number of combinations of 
settings of the other five parameters. A possible dependence of the effect of a certain 
feature on the setting of other parameters would show up in significant interactions 
between parameters. However, no such interactions were observed. So, the acoustic fea­
tures that cue the perception of voicing in two-obstruent sequences apparently do so 
in an independent fashion. 
The covariation experiment also contained indications as to the relative perceptual 
importance of the acoustic features. From a multiple regression analysis with the fre­
quencies of [+voice] C, responses and of [+voice] С responses as the criteria and the 
values of the acoustic parameters as the predictors, it appears that the most important 
features for C} perception are (in descending order of importance) VTT, VOT, and 
'preceding vowel' duration, and that the most important features for С perception are 
(in descending order) VOT and 'C ' constriction duration. This is also reflected in the 
si7e of the shifts in C l and С responses as a function of the various acoustic param­
eters. 
From this it would seem that the presence/absence of periodicity (VOT, VTT) is the 
most important determinant of the perceived voicing status of both С and С . How­
ever, the perception of voicing in both C} and С is also to a large extent determined 
by a durational variable: 'preceding vowel' duration in the case of С , and 'C ' con­
striction duration in the case of С . Moreover, although frication noise intensity and 
position of stress had weaker effects on voicing perception, these effects were never­
theless significant. 
The final part of the research addressed the issue whether the results as established 
with synthetic speech, would also hold for natural speech. Although perceptual 
effects obtained with synthetic speech stimuli are generally assumed to reflect the 
perceptual behaviour of listeners confronted with natural speech, the experiment 
reported in Chapter 7 explicitly tested this assumption with respect to the effects of 
certain acoustic features on the perception of voicing in two-obstruent sequences. Five 
acoustic parameters were varied in edited natural speech stimuli: VOT, VTT, duration 
of the 'C ' and 'C ' constriction interval, and duration of the 'preceding vowel' reso­
nance. The results replicated the earlier findings: VOT, VTT, 'C2 ' duration, and 'pre­
ceding vowel' duration significantly affected the perception of voicing in С С 
sequences, with response patterns that resembled those obtained with synthetic speech. 
The absence of an effect of 'C ' duration was partly replicated. So, in general this 
test confirmed the assumption that in two-obstruent sequences perceptual effects 
observed in synthetic speech are also valid for natural speech perception. 
To summarize, the perception of voicing in Dutch two-obstruent sequences was shown 
to be affected by a number of acoustic parameters. Presence or absence of phonetic 
voice (VOT, VTT) appears to be a strong determinant of perceived voicing. Other 
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important cues are duration of the 'C ' constriction interval and duration of the 'pre-
ceding vowel' resonance. Fncation noise intensity and position of stress are weaker, 
but significant, cues. So, although presence/absence of phonetic voice is a strong pre-
dictor of perceived voicing in two-obstruent sequences, it is certainly not the only 
one. Therefore, the discrepancy between the articulatory/acoustic measurements of pho-
netic voice in the constriction interval of Dutch two-obstruent sequences and the per-
ceptual voicing judgements of those sequences appears to be, at least partially, due to 
the effects on perception of acoustic features other than the presence or absence of 
periodicity. A general conclusion that may be drawn from the present results, seems 
to be that the relation between acoustic parameters and perceptual judgements is 
indeed a complex one. 
- 124 -
Samenvatting 
Deze dissertatie doet verslag van een onderzoek dat tot doel had het perceptieve belang 
vast te stellen van een aantal akoestische kenmerken voor de waarneming van stem 
in opeenvolgingen van twee obstruenten in het Nederlands. De perceptieve effecten van 
de parameters werden bestudeerd met behulp van synthetisch gegenereerde spraakstimu-
li. In hoofdstuk 1 worden de overwegingen die aan dit onderzoek ten grondslag liggen 
besproken. Het bevat verder enkele methodologische en terminologische opmerkingen. De 
hoofdstukken 2 en 3 doen verslag van twee pilotexpenmenten, waarin onderzocht 
werd welke stimulusvorm het meest geschikt was voor het toetsen van de perceptieve 
effecten van de akoestische parameters. In de hoofdstukken 4 en 5 worden de experi-
menten beschreven waarin de akoestische parameters afzonderlijk werden gevarieerd. 
Mogelijke interacties tussen de parameters werden bestudeerd in het experiment in 
hoofdstuk 6. In hoeverre de resultaten verkregen met synthetische spraak gegenerali-
seerd kunnen worden naar de waarneming van natuurlijke spraak werd getoetst in 
een experiment waarvan in hoofdstuk 7 verslag wordt gedaan. En hoofdstuk 8 bevat 
enkele afsluitende opmerkingen en suggesties voor verder onderzoek. 
In de inleiding van hoofdstuk 1 worden de drie fonologische regels gegeven die 
stemhebbendheid/stemloosheid in opeenvolgingen van twee Nederlandse obstruenten 
beschrijven. Deze regels zijn· 
A) Alle finale stemhebbende obstruenten worden stemloos (de neutralisatieregel), b.v. 
lied: / l i d / -> / l i t / . 
Deze neutralisatieregel wordt toegepast vóór de twee volgende assimilatieregels. De assi-
milatieregels gelden zowel over woordgrenzen als binnen woorden. Wil assimilatie 
kunnen voorkomen, dan moeten de twee obstruenten natuurlijk een verschillend 
stemkarakter hebben. Daarom kan, vanwege de neutralisatieregel, assimilatie van stem 
alleen plaatsvinden m opeenvolgingen waarvan de eerste consonant stemloos en de 
tweede stemhebbend is. 
B) Als de tweede consonant in de sequentie een stemhebbende fricatief is, dan wordt 
deze stemloos (progressieve assimilatie), b.v. wit zand: /tolt z a n t / -> /tolt s an t / . 
C) Als de tweede consonant in de sequentie een stemhebbende plosief is, dan wordt de 
eerste consonant stemhebbend (regressieve assimilatie), b.v. rood boek: / r o t buk/ -> 
/ rod buk/. De stemhebbende /d/ in / rod/ wordt eerst stemloos door neutralisatie 
en vervolgens stemhebbend door assimilatie. 
Deze regels zijn opgesteld op basis van perceptieve oordelen. Uit de literatuur is het 
niet duidelijk of deze oordelen fonetisch of fonologisch van aard zijn. Fonetisch luiste-
ren is het geven van analytisch-perceptieve oordelen, zoals door getrainde fonetici of 
door proefpersonen in een psycho-akoestisch experiment. Dat wil zeggen, oordelen door 
luisteraars die selectief aandacht schenken aan akoestische kenmerken die verondersteld 
worden van belang te zijn voor het fonologische onderscheid. Fonologisch luisteren 
wordt gelijkgesteld met het geven van globaal-perceptieve oordelen, zoals door naïeve 
luisteraars. In de oudere literatuur over assimilatie van stem in het Nederlands lijkt 
het erop dat de onderzoekers er impliciet van uitgingen dat, als zij een (fonologisch) 
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stemhebbende (of stemloze) consonant waarnamen, die consonant ook met (of zonder) 
fonetische stem was gerealiseerd. 
In recenter onderzoek wordt assimilatie van stem opgevat als assimilatie van het arti-
culatonsche kenmerk 'stem'. In deze benadering wordt gesteld dat er assimilatie heeft 
plaatsgevonden als beide consonanten met (nagenoeg) dezelfde stembandmstellmg wor-
den geproduceerd. Deze definitie van assimilatie 'wordt geoperationaliseerd in termen 
van aanwezigheid en afwezigheid van stembandactiviteit (vastgesteld in het electroglot-
togram) gedurende de constrictieperiode voor de twee obstruenten (vastgesteld in de 
registratie van het akoestisch signaal). Deze articulatonsch/akoestische stemmetingen 
voor twee-obstruent opeenvolgingen worden gerelateerd aan hetzelfde type metingen 
voor enkele, stemhebbende en stemloze, consonanten. Zo wordt vastgesteld of er assimi-
latie heeft plaatsgevonden. Deze (fonetische) assimilatiegegevens leverden positieve evi-
dentie voor bovengenoemde regel (B) op, maar er werden veel uitzonderingen op regel 
(C) gevonden. Uit een directe vergelijking van de op deze manier verkregen assimila-
tiegegevens met stemoordelen van dezelfde sequenties bleek dat de aanwezigheid c.q. 
afwezigheid van fonetische stem geen adekwate voorspeller was van de verkregen oor-
delen. Op grond hiervan werd de hypothese opgesteld dat stemoordelen voor sequenties 
van twee obstruenten ook beïnvloed worden door andere akoestische kenmerken dan de 
aanwezigheid/afwezigheid van fonetische stem, net zoals stemoordelen voor enkele con-
sonanten. Het toetsen van deze hypothese was het doel van het hier gerapporteerde 
onderzoek. 
De belangrijkste doelstelling van het eerste experiment (hoofdstuk 2) was het percep-
tieve effect te onderzoeken van de linguïstische context van de twee-obstruent sequen-
ties. De waarneming van die sequenties werd onder drie condities onderzocht: onzinui-
tingen, woordparen in isolatie en woordparen in zinnen. Uit een vergelijking van de 
eerste twee condities kan het effect van de lexicale status van de stimulus worden 
vastgesteld; uit een vergelijking van de laatste twee zouden mogelijke verschillen in 
de waarneming ten gevolge van de lengte van de uiting moeten blijken. 
De resultaten lieten zien dat deze laatste factor geen invloed had, tenminste niet in 
een experimentele situatie waarin de linguïstische inhoud van de stimuli van te voren 
bekend is. Het geconstateerde perceptieve verschil tussen onzinuitingen en betekenisvolle 
woorden werd toegeschreven aan de invloed van de fonetische context, namelijk het 
verschil in stemkarakter van de consonanten (of consonantclusters) direct voorafgaand 
en direct volgend op het С,С V-middenstuk van de stimulus. Het werd waarschijnlij­
ker geacht dat een effect van de fonetische context aan het geobserveerde verschil ten 
grondslag lag dan een lexicaliteitseffect of een mogelijk effect van fonologische regels. 
Deze hypothese werd verder onderzocht in een experiment waarin de fonetische-
contextvanabele meer systematisch gemanipuleerd werd (hoofdstuk 3). In 
С VCjCjVC^stimuh waren zowel de initiële (C) als finale (Cf) consonant ofwel stem-
hebbend (/n/) ofwel stemloos (/s/). Het bleek dat de waarneming van stem in de 
C^C sequentie beïvloed werd door de identiteit van Ç en C(. Bij een stemhebbende С 
(/η/) werden meer [+stem] oordelen gegeven voor C, dan bij een stemloze С (/s/), ter­
wijl de waarneming van stem in C2 niet beïnvloed werd door het stemkarakter van 
C^ Een stemhebbende Cf (/n/) gaf aanleiding tot meer [-i-stem] oordelen voor С dan 
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een stemloze Cf (/s/), maar de waarneming van C, werd met door deze variabele 
beïnvloed. Hoewel de uitkomsten geen conclusies toelieten aangaande de precieze locus 
van het effect, was het niettemin duidelijk dat de identiteit van de consonanten direct 
voor en na het ΥΟ,Ο V-middenstuk van de stimulus de waarneming van stem in de 
C^Cj-opeenvolgmgen beïnvloedt. 
Dit effect van fonetische context is natuurlijk een intrigerend gegeven (het werd ver-
der uitgediept in onderzoek waarover hier met gerapporteerd wordt). Echter, het 
hoofddoel van het hier gepresenteerde onderzoek was het bestuderen van het perceptie-
ve effect van kenmerken die direct op de waarneming van de consonanten in de 
twee-obstruent sequenties betrekking hebben. Er werd daarom ook besloten om foneti-
sche context niet als een extra variabele mee te nemen en de perceptieve effecten van 
de parameters te toetsen in onzinuitingen van het VC С V-type. 
In de hierna te beschrijven experimenten vallen de onderzochte parameters uiteen in 
twee groepen: parameters die betrekking hebben op stem en ruis (hoofdstuk 4), en zij 
die betrekking hebben op duurfactoren (hoofdstuk 5). 
De in hoofdstuk 4 beschreven experimenten bestudeerden het effect op de waarneming 
van stem in twee-obstruent sequenties van voice onset time (VOT), voice termination 
time (VTT), grootte en duur van de VC, and C2V formanttransities en intensiteit van 
de frictieruis in fricatieven en in de ruisplof van plosieven. 
VOT bleek een significant effect op de waarneming te hebben. Steeds vroegere VOT's 
(d.w.z een steeds vroeger begin van periodiciteit ten opzichte van de ruisplof van 
С -plosieven en van de ruis-resonantiegrens bij С -fricatieven) resulteerden in een ver­
schuiving m de waarneming van 'stemhebbend-stemhebbend' via 'stemloos-stemhebbend' 
naar 'stemloos-stemloos'. Zoals verwacht had deze variabele een grotere invloed op de 
waarneming van C2 dan op die van C,. Echter, vroegere VOT-waarden die nog binnen 
dat deel van het akoestisch signaal vielen waarvan men mag aannemen dat het de 
constnctiefdse voor С vertegenwoordigt, veroorzaakten ook een verschuiving in de 
waarneming van C^ namelijk naar meer [+stem] oordelen (de grens tussen de stille 
intervallen voor twee plosieven was akoestisch met aanwezig, maar de grens tussen 
ruis (fricatief) en stilte (plosief) en de grens tussen twee soorten ruis van verschillen­
de frequentie (twee fricatieven met een verschillende plaats van articulatie) waren dat 
wel) 
Voice termination time (VTT), dat wil zeggen het moment van stemeinde ten opzichte 
van het moment van mondsluiting (weergegeven door een plotselinge afname van de 
amplitude van het signaal) had een gelijksoortig effect. Latere VTT's resulteerden in 
een verschuiving van 'stemloos-stemloos' via 'stemloos-stemhebbend' en 'stemhebbend-
stemloos' naar 'stemhebbend-stemhebbend' oordelen. De invloed van fonologische restric­
ties buiten beschouwing gelaten, bleek VTT een groter effect te hebben op С - dan op 
С -oordelen met meer [+stem] oordelen voor latere VTT's. Ook hier leidden latere 
VTT-waarden die nog binnen dat deel van het akoestisch signaal vielen waarvan men 
mag aannemen dat het de constnctiefase voor С vertegenwoordigt (uitgaande van 
dezelfde akoestische grenzen als bij VOT), tot een toename in [+stem] oordelen voor С 
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Blijkbaar beïnvloedt de aanwezigheid van fonetische stem gedurende de constnctiefase 
voor één van de obstruenten (of het nu C1 of C2 is) niet alleen de waarneming van 
die obstruent, maar ook de waarneming van de andere obstruent. Hieruit kan men 
concluderen dat akoestische kenmerken die de waarneming van een linguïstische een-
heid beïnvloeden, afkomstig kunnen zijn uit delen van het akoestisch signaal die in de 
tijd nogal ver uiteen liggen, tenminste voorzover het het kenmerk aan- dan wel afwe-
zigheid van fonetische stem betreft. 
De variatie van grootte en duur van de VC,- en C2V-formanttransities bleek geen 
enkel effect te hebben op de waarneming van stem in C^Cj-sequenties. Te lange tran-
sities gaven aanleiding tot de waarneming van halfkhnkers en te korte transities leid-
den tot het ontbreken van het belangrijkste perceptieve kenmerk voor de plaats van 
articulatie. Dit werd met informeel luisteren vastgesteld. De variatie in de waarden 
voor de formanttransities was daarom nogal beperkt. Mogelijk werd hierom geen effect 
geconstateerd van deze parameter. Het is echter zeer wel mogelijk dat formanttransities 
geen rol spelen als kenmerk voor de waarneming van stem in twee-obstruent sequen-
ties in het Nederlands. 
De intensiteit van de frictieruis ш de ruisplof van explosieven en in C2-fricatieven 
had een zwak, maar significant effect. De verschuiving in de oordelen was zoals ver­
wacht: hogere ruisniveaus leidden tot een verschuiving van 'stemhebbend-stemhebbend' 
en 'stemloos-stemhebbend' naar 'stemloos-stemloos'. Dat het effect nogal zwak was, 
werd in eerste instantie toegeschreven aan de instelling van andere parameters: als 
gevolg van een te lange duur van de constnctie-intervallen voor C, en C2 zou een 
responsebias hebben kunnen optreden. Maar, in het licht van het latere covariatie-
experiment, waar geen interacties tussen parameters gevonden werden, lijkt deze ver­
klaring minder aannemelijk Blijkbaar heeft de intensiteit van frictieruis een tamelijk 
zwak effect op de waarneming van stem m twee-obstruentopeenvolgmgen. Dit lijkt 
bevestigd te worden door het significante, maar wederom zwakke, effect van fnctie-
ruis in het covanatie-expenment. 
Hoofstuk 5 beschrijft de perceptieve effecten van drie duurvariabelen: de duur van 
het constnctie-interval voor C, en С en de duur van de resonantie die het belangrijk­
ste perceptieve kenmerk is voor de klinker voorafgaand aan de C^C, sequentie. 
De waarneming werd niet beïnvloed door de duur van de C, constnctie. Dit negatieve 
resultaat komt overeen met het zwakke effect van de duur van het (^-interval voor 
Engelse sequenties van twee plosieven en met het zwakke effect van stille interval-
duur voor finale plosieven in het Engels. Blijkbaar fungeert de constnctieduur van 
woordfinale of lettergreepfinale consonanten met als een kenmerk voor de waarneming 
van stem in die consonant. 
Het effect van 'C ' duur was, daarentegen, significant. Zoals verwacht, gaven langere 
duren aanleiding tot meer [-stem]-oordelen voor С ; de waarneming van C, werd niet 
beïnvloed door deze variabele. Het significante effect van 'voorafgaande klinker'-duur 
ging eveneens in de verwachte richting: meer [+stem]-oordelen voor C, bij langere 
duren. De waarneming van C2 werd niet beïnvloed. Beide effecten, namelijk die van 
'C '-duur op de C2-waarneming en die van 'voorafgaande klinker'-duur op de 
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C^waarnemmg, stemmen overeen met wat in het algemeen gevonden wordt. 
Het effect van positie van klemtoon manifesteerde zich in meer 'stemhebbend-
stemhebbend' en minder 'stemloos-stemloos' oordelen voor klemtoon op de eerste dan 
voor klemtoon op de tweede lettergreep. In productiegegevens over assimilatie van 
'stem', gebaseerd op de criteria van sectie 1.2, werd een omgekeerd patroon gevonden: 
minder 'stemhebbend-stemhebbend' en meer 'stemloos-stemloos' sequenties voor klemtoon 
op de eerste dan voor klemtoon op de tweede lettergreep. Dit leidt tot de aanname dat 
we hier mogelijk te maken hebben met een mechanisme van perceptieve compensatie. 
In de serie experimenten beschreven in de hoofdstukken 4 en 5 werden de akoestische 
parameters afzonderlijk gevarieerd, d.w.z. het perceptieve effect van elk kenmerk werd 
onderzocht terwijl de andere parameters vastgezet werden op waarden die ambigu 
geacht werden wat betreft de waarneming van stem. Om na te gaan of de geconsta-
teerde perceptieve effecten van de zes akoestische kenmerken die een significant effect 
hadden (VOT, VTT, 'C2'-duur, 'voorafgaande klinker'-duur, fnctieruisintensiteit en 
klemtoonpositie) ook zouden optreden voor verschillende waarden van de andere vijf 
parameters, werd een experiment uitgevoerd waarin de zes parameters gecovaneerd 
werden (hoofdstuk 6). Op die manier kon het effect van elk van de zes parameters 
getoetst worden onder een groot aantal condities, die resulteerden uit de combinaties 
van instellingen van de andere parameters. Een mogelijke afhankelijkheid van het 
effect van een bepaald kenmerk van de instelling van andere parameters zou dan 
moeten blijken uit significante interacties tussen parameters. Interacties werden echter 
niet geconstateerd. Dus de akoestische kenmerken die de waarneming van stem in 
twee-obstruent opeenvolgingen beïnvloeden, doen dat blijkbaar onafhankelijk van 
elkaar. 
Het covanatie-expenment bevatte ook indicaties over de relatieve perceptieve sterkte 
van de akoestische kenmerken. Uit een multipele-regressieanalyse met de frequenties 
van [+stem]-oordelen voor С en [+stem]-oordelen voor С als de criteria en de waar­
den van de akoestische parameters als predictoren, bleken de belangrijkste kenmerken 
voor de waarneming van С dn afnemende volgorde van belangrijkheid) VTT, VOT, 
en 'voorafgaande klinker'-duur. De belangrijkste kenmerken voor de waarneming van 
С waren dn afnemende volgorde) VOT en 'C ' constnctieduur. Deze relatieve belang­
rijkheid is ook terug te vinden in de grootte van de verschuivingen in С - en 
C2-oordelen als functie van de verschillende akoestische parameters. 
Hieruit zou men kunnen afleiden dat de aanwezigheid/afwezigheid van periodiciteit 
(VOT, VTT) de belangrijkste determinant is van het waargenomen stemkarakter van 
zowel С als С . Echter de waarneming van stem in zowel C^  als С wordt eveneens 
voor een belangrijk deel bepaald door een duurvanabele: 'voorafgaande klinker'-duur m 
het geval van ClP and 'C '-constnctieduur in het geval van C2. En ook de effecten 
van fnctieruisintensiteit en klemtoonpositie waren, hoewel zwakker, niettemin signifi­
cant. 
Het laatste deel van het onderzoek trachtte de vraag te beantwoorden of resultaten die 
bereikt werden met synthetische spraak, ook voor natuurlijke spraak gelden. In het 
algemeen 'wordt aangenomen dat perceptieve effecten geconstateerd voor synthetische 
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spraakstimuli, representatief zijn voor het perceptieve gedrag van luisteraars die 
natuurlijke spraak moeten beoordelen Het experiment in hoofdstuk 7 werd uitgevoerd 
om deze aanname expliciet te toetsen ten aanzien van het effect van sommige van de 
eerder onderzochte akoestische kenmerken op de waarneming van stem in opeenvolgin-
gen van twee obstruenten. De vijf akoestische parameters die in bewerkte natuurlijke 
spraak gemanipuleerd werden, waren: VOT, VTT, 'Cj'-duur, 'C2'-duur en 'voorafgaande 
klinker'-duur. De resultaten van dit experiment repliceerden de eerdere uitkomsten: 
VOT, VTT, 'C '-duur en 'voorafgaande klinker'-duur hadden een significant effect met 
responsiepatronen die vrijwel overeenkwamen met die voor synthetische spraakstimuli. 
De afwezigheid van een effect van 'Cj'-duur werd voor een deel gerepliceerd. In het 
algemeen bevestigde deze toets dus de aanname dat perceptieve effecten vastgesteld met 
synthetische spraakstimuli, ook geldig zijn voor de waarneming van natuurlijke 
spraak. 
Samenvattend, het werd aangetoond dat de waarneming van stem in Nederlandse twee-
obstruentsequenties beïnvloed wordt door een aantal akoestische parameters. De aan- of 
afwezigheid van fonetische stem (VOT, VTT) blijkt een belangrijke determinant te 
zip van waargenomen stemhebbendheid/stemloosheid. Andere belangrijke kenmerken 
zijn de duur van het 'C '-constnctie-interval en de duur van de 'voorafgaande 
klinker'-resonantie. Fnctieruisintensiteit en klemtoonpositie zijn zwakkere, maar signifi-
cante kenmerken voor de waarneming. Aan- of afwezigheid van fonetische stem is dus 
een redelijk goede voorspeller van waargenomen stemhebbendheid/stemloosheid ш twee-
obstruentsequenties, maar het is zeker niet de enige voorspeller. Daaruit blijkt dat de 
discrepantie tussen de amculatorisch/akoestische metingen van fonetische stem in het 
constnctie-interval van Nederlandse twee-obstruent sequenties en de perceptieve ste-
moordelen over die sequenties, op zijn minst voor een deel toe te schrijven is aan de 
effecten op de waarneming van andere akoestische kenmerken dan de aan- of afwezig­
heid van periodiciteit. Een algemene conclusie die hieruit af te leiden valt is dat de 
relatie tussen akoestische parameters en perceptieve oordelen inderdaad complex is. 
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Stellingen bij het proefschrift 'The perception of voicing in Dutch fwo-obitruent 
sequences' van K.J.H, van den Berg 
1. Bij de waarneming van de fonologische oppositie stemhebbend-stemloos ш opeenvol­
gingen van twee Nederlandse obstruenten spelen meer akoestische kenmerken een 
rol dan alleen de aan- of afwezigheid van het akoestisch correlaat van stemband-
trillingen. 
2. Elk van de akoestische kenmerken die de waarneming van het fonologisch 
stemhebbend-stemloos onderscheid in opeenvolgingen van twee Nederlandse obstruen­
ten beïnvloeden, oefent die invloed uit onafhankelijk van de akoestische waarde 
van de andere kenmerken. 
3. De waarneming van het fonologisch stemhebbend-stemloos onderscheid in Nederland-
se twee-obstruent opeenvolgingen wordt beïnvloed door de mate van 
stemhebbendheid/stemloosheid van de medeklinkers direct voorafgaand en direct 
volgend op de klinkers die deze opeenvolgingen omgeven 
4. Het aanhalen van diachrone etymologische argumenten als ondersteuning voor het 
stemloos uitspreken van de initiële /z / ш 'zestig' en 'zeventig', is mogelijk een 
uiting van de behoefte om taalkundige kennis - die de naïeve moedertaalspreker 
niet heeft - ten toon te spreiden. 
5. Hoewel zo ingeburgerd in het taalgebruik dat uitroeiing niet meer mogelijk lijkt, 
zou het foutief gebruik van de overtreffende trap in de uitdrukking 'hij is enigst 
kind' op zijn minst door de logisch denkende taalgebruiker vermeden dienen te 
worden. 
6. In het licht van de steeds verdergaande verschuiving van een industriële samenle-
ving naar een informatieverwerkende samenleving verdient het aanbeveling dat de 
Nederlandse Spoorwegen het pictogram ter aanduiding van werkdagen (twee 
gekruiste hamers) meer in overeenstemming brengen met de dagelijkse werkelijk-
heid van vele werkenden. 
7. De gewoonte van ontwikkelcentrales om bij het afdrukken van fotonegatieven de 
randen op vaak niet te voorspellen wijze weg te laten vallen, doet onmiskenbaar 
afbreuk aan het voordeel van spiegelreflexcamera's dat het zoekerbeeld exact over-
eenkomt met het op de film vastgelegde beeld. 
8. Gezien de gestaag toenemende gemiddelde lichaamslengte m Nederland, zou de 
Koninklijke Nederlandse Basketbal Bond in overweging kunnen nemen om de hoog-
te van het basket gelijke tred met die gemiddelde lengte te laten houden. 
9. De oppositie alleenstaanden-samenwonenden suggereert ten onrechte dat eerstgenoem-
den vaker in verticale positie in hun woning verblijven dan laatstgenoemden. 



